AD-AUbl  324 


UNCLASSIFIED 


SPACE  AND  MISSILE  SYSTEMS  ORGANIZATION  LOS  ANGELES  CALIF  F/G  22/2 
DESCRIPTION  OF  THE  SPACE  TEST  PROGRAM  P78-2  SPACECRAFT  AND  PAYL — ETC(U) 
OCT  78  J R STEVENSr  A L VAMPOLA 

SAMSO-TR-78-24  NL 


/ 


DDE  FILE  cnp/  AD  AO  61 3 24 


SAMSO  TR- 78-24 


Description  of  the  Space  Test  Program  P78-2 
Spacecraft  and  Payloads 


This  report  has  been  reviewed  by  tic  Information  Office  (01)  am)  is 

RELEASABLE  ID  THE  NATIONAL  TECHNICAL  INFORMATION  SERVICE  (NITS).  At 
NITS.  IT  WILL  BE  AVAILABLE  TO  THE  GENERAL  PUBLIC.  INCLUDING  FOREIGN 
NATIONS. 

This  technical  report  ms  been  reviewed  and  is  approved  for 
publication.  Publication  of  this  report  does  not  constitute  Air  Force 

APPROVAL  OF  THE  REPORT'S  FIMJINGS  OR  CONCLUSIONS.  It  IS  PUBLISHED 
ONLY  FOR  TEE  EXCHANGE  AN)  STIMULATION  OF  IDEAS. 


Burton  H.  Holaday 
Lt.  Col..  USAF 


^cLsUlbJl 

Anav  * 


FOR  THE  OOfWWDER 


Jr'- 


Leonard  E.  Baltzell.  Col.. 
Asst.  Deputy  for  Ad/anced 
Space  Programs 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  of  THIS  PACE  (Whit  Oat*  Entnrnd)  

REPORT  DOCUMENTATION  PAGE  beforeDcomple^ngNfSorm 

I REPORT  NUMBER  " |2.  GOVT  ACCESSION  NO.  3-  RECIPIENT'S  CATALOG  NUMBER 


1 REPORT  NUMBER  

/SAMSO-TR- 78-24 


£ R. /Stevens  L./Vampola/  Editors 

TherffeTO space  Corporation 

El  Segundo,  Calif.  90245 

9 PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Space  and  Missile  Systems  Organization1" 

Air  Force  Systems  Command 

Los  Angeles  Air  Force  Station,  P.  O.  Box  92960 

Worldway  Postal  Center,  Los  Angeles,  Calif.  9000 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 


14  MONITORING  AGENCY  NAME  A ADDRESSf//  dllfnrnnt  front  Controlling  Olllct) 

Space  and  Missile  Systems  Organization 

Air  Force  Systems  Command 

Los  Angeles  Air  Force  Station,  P.O.  Box  92960 

Worldway  Postal  Center,  Los  Angeles,  Calif.  90009 


16.  DISTRIBUTION  STATEMENT  fo/ IMa  RaporlJ 


MING  ORG.  REPORT  NUMBER 


S.  CONTRACT  OR  GRANT  NUMBERfa; 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  6 WORK  UNIT  NUMBERS 


hummer  or'Tnrers 

59 


IS.  SECURITY  CLASS,  (of  thin  rnport) 


Unclassified 


15a.  DECLASSIFICATION  DOWNGRADING 
SCHEDULE 


Approved  for  public  release;  distribution  unlimited 


17.  DISTRIBUTION  STATEMENT  (of  (ha  nbntrnct  nrtlnrntf  In  Block  20,  II  dlllnrnnl  from  Rnport) 


19  KEY  WOROS  (Contlnua  on  eavaraa  alda  II  noeo aaary  and  tdantlty  by  block  numbar) 


Space  Test  Program 
Spacecraft  Charging 
SCAT HA 
P78-2 


Synchronous  Spacecraft 


ABSTRACT  (Contlnum  on  ravaraa  alda  II  nocooomry  and  Idantily  by  block  numbar) 

'‘The  SAMSO  Space  Test  Program  is  acquiring  the  P78-2  spacecraft  from  the 
Martin  Marietta  Company.  Data  from  the  payloads  on  board  the  P78-2 
spacecraft  will  be  used  to  help  understand  the  phenomena  of  spacecraft 
charging.  The  payloads  include  particle  and  electromagnetic  field  monitors 
as  well  as  contamination  monitors  and  transient  detectors.  The  report 
describes  the  general  spacecraft  charging  program  and  how  the  P78-2 
spacecraft  contributes  to  the  general  program.  An  overview  of  the  space- 
craft and  payloads  is  presented.  ^ 


00  1473 

tr  A CS’Ml  L £ • 


UNCLASSIFIED 

$t9UBlTV  CLASSIFICATION  OF  THIS  PAGE  ClFh.r,  nmn  gntorod' 


1 


SAMSO  TR-78-24 


Description  of  the  Space  Test  Program  P78-2 
Spacecraft  and  Payloads 


Edited  by 
John  R.  Stevens 
and 

Alfred  L.  Vampola 


31  October  1978 


Prepared  by 

SPACE  AND  MISSILE  SYSTEMS  ORGANIZATION 
AIR  TORCE  SYSTEMS  00 WAND 
LOS  ANGEUES  AIR  FORCE  STATION 
P.  0,  Box  92960/  Worldway  Postal  Center 
Los  Angeles,  Calif.  90009 


ACKNOWLEDGEMENT 


The  editors  would  like  to  express  their  appreciation  to  those  who  have 

CONTRIBUTED  TO  THIS  DOCUMENT DR.  A.  HOLMAN  OF  SCIENCE  APPLICATIONS, 

Inc.  and  Pkj.  G.  Kuck,  for  Section  1,  Dr.  W.  Fraser  of  Martin  Marietta 
Corporation  and  Dr.  R.  Adamo  of  SRI  International  for  Section  2,  the 

MANY  PRINCIPAL  INVESTIGATORS  FOR  THEIR  SECTIONS  AS  OUTLINED  IN 

Table  1.2.  This  document  would  not  have  been  possible  were  it  not  for 

THE  UNTIRING  ASSISTANCE  IN  TYPING  FROM  Ms.  B.  CALLENDER,  Ms.  L. 

Crowley  and  Ms.  B.  Sims,  in  editing  from  Ms.  V.  Arnett,  and  in 

COORDINATION  FROM  Ms.  F.  DAVID. 


TABLE  OF  OONTEfiTS 


Section  Page 

1 Introduction 1 

2 P78-2  Spacecraft  Description 4 

3 SCI  Satellite  Surface  Potential  Monitor 13 

4 SCI  Very  Low  Frequency  Electromagnetic  Wave  Analyzer  . 15 

5 SCI  Radio  Frequency  Electromagnetic  Wave  Anlyzer  ...  17 

6 SCI  Pulse  Shape  Analyzer 18 

7 SC2  Spacecraft  Sheath  Potential  Monitor 19 

8 SC2  Energetic  Proton  Detectors 26 

9 SC3  High  E^rgy  Particle  Spectrometer 29 

10  SC4-1  Electron  Beam  System 34 

11  SC4-2  Positive  Ion  Beam  System 37 

12  SC5  Rapid  Scan  Particle  Detector 39 

13  SC5  Thermal  Plasma  Analyzer 4? 

14  SC7  Light  Ion  Mass  Spectrometer 45 

15  SC8  Energetic  Ion  Composition  Experiment  .......  47 

16  SC9  UCSD  Charged  Particle  Experiment 49 

17  SC10  Electric  Field  Detector 53 

18  SC11  Magnetic  Field  Monitor 56 

19  ML12  Spacecraft  Contamination  Monitor 57 


1.  INTRODUCTION 


11  BACKGROUND 

During  the  early  1970s  evidence  was  obtaiied 

RELATING  ANOMALOUS  SPACE  VEHICLE  BEHAVIOR  TO  THE 
EFFECTS  OF  SPACECRAFT  CHARGING  BY  THE 
MAGNETOSPHERIC  PLASMAS.  MALFUNCTIONS  AND  SYSTEM 
INTERRUPTIONS  HAVE  BEEN  ATTRIBUTED  TO  NOISE  PULSES 
GENERATED  BY  ARCING  BETWEEN  DIFFERENTIALLY  CHARGED 
FEPBERS  ON  THE  SPACECRAFT.  THE  EFFECTS  ARE  MOST 
PREDOMINANT  NEAR  GEOSYNCHRONOUS  ALTITUDE  DURING 
PERIODS  OF  ENHANCED  GEOMAGNETIC  SUBSTORM 
ACTIVITY.  feASUREMENTS  ONBOARD  ATS~5  HAVE 
INDICATED  THAT  THE  SATELLITE  OCCASIONALLY  BECAME 
CHARGED  TO  NEGATIVE  POTENTIALS  IN  THE 
MJLTIKILOVOLT  RANGE.  THROUGH  A STATISTICAL  STUDY 
OF  SPACECRAFT  ANOMALIES  AM)  GROUND  OBSERVATORY 
DATA/  A LINK  WAS  ESTABLISHED  BETWEEN  MAGNETIC 
SUBSTORM  CONDITIONS  AND  SPACE  VEHICLE  ANOMALIES. 

Laboratory  tests  demonstrated  that  the 

ELECTROMAGNETIC  PULSE  FROM  AN  ELECTRICAL  DISCHARGE 
ON  AN  INSULATOR  COULD  BE  COUPLED  INTO  A SPACECRAFT 
TELEMETRY  HARNESS.  ADDITIONAL  STUDIES  HAVE 
CONCLUDED  THAT  DIFFERENTIAL  CHARGING  OF  SATELLITE 
SURFACES  OCCURS.  HAVE  DEMONSTRATED  THAT  DISCHARGES 
BETWEEN  DIFFERENTIALLY  CHARGED  MARTERIALS  RESULTS 
IN  DEGRADATION  OF  THERMAL  CONTROL  MATERIAL  AND 
PROPERTIES,  AND  HAVE  SUGGESTED  THAT  ELECTROSTATIC 
FORCES  MAY  PRODUCE  ENHANCED  CONTAMINATION. 

IN  ORDER  TO  SOLVE  THIS  SPACECRAFT  CHARGING 
PROBLEM,  A COOPERATIVE  NASA/AF  PROGRAM  WAS 
INITIATED  IN  1975.  SINCE  SPACECRAFT  CHARGING  HAS 
INFLUENCED  THE  PERFORMANCE  OF  MILITARY, 
COftERCIAL,  AND  NASA  SATELLITES.  IT  WAS  A LOGICAL 
CANDIDATE  FOR  A JOINT  PROGRAM.  FIGURE  1.1 
PRESENTS  THE  KEY  ELEMENTS  IN  THE  PROGRAM.  THE 
FIGURE  REFLECTS  TRUE  INTERDEPENDENCY;  EACH 
ACTIVITY  HAS  BEEN  ASSIGICD  TO  EITHER  NASA  OR  USAF, 
AM)  PROGRAM  SUCCESS  REQUIRES  EXTENSIVE  EFFORTS 
FROM  BOTH  ORGANIZATIONS 

The  objective  of  the  spacecraft  charging 

INVESTIGATION  IS  TO  PROVIDE  THE  DESIGN  CRITERIA, 
MATERIALS,  TECHNIQUES,  TEST  AND  ANALYTICAL  FETHODS 
TO  ENSURE  CONTROL  OF  THE  ABSOLUTE  AM)  DIFFERENTIAL 
CHARGING  OF  SPACECRAFT  SURFACES.  THIS  OBJECTIVE 
IS  BEING  PET  BY  CONDUCTING  A COINED  FLIGHT  TEST 


AND  GROUND  TECHNOLOGY  PROGRAM.  THERE  HAS  BEEN 
CONSIDERABLE  INTERACTION  AMONG  THE  VARIOUS 
ELEPENTS  OF  THIS  PROGRAM.  THE  SPACE  TEST  PROGRAM 
P78-2  SPACEFLIGHT  PROGRAM  IS  SHOWN  IN  FIGURE  1.1 
TO  BE  CENTRAL  TO  THIS  INTERACTION  AND  VITAL  TO 
SUPPORT  1>E  ACHIEVEMENT  OF  PROGRAM  GOALS.  THESE 
INCLUDE! 

o Updates  of  Military  Standards  for  EMI 

SUSCEPTIBILITY 

o The  Design  Guideliies  Monograph 
(catalogues,  criteria,  and  procedures  for 
MINIMIZING  CHARGING  EFFECT'S ^ 


o Validated  Analytical  Models  (tools  to 

ANALYZE  SPACE  VEHICLE  DESIGN 
SUSCEPTIBILITIES) 


Figure  1.1.  Cooperative  NASA/AF  Spacecraft 
Charging  Investigation 


A BASELINE  DOCUMENT  FOR  THE  DESIGN  GUIDELINES 

Monograph  has  been  produced  during  the  past  year 

AND  WILL  SOON  BE  AVAILABLE  FOR  REVIEW  BY  THE 
COMMUNITY.  The  docufent  presently  uses 
INFORMATION  OBTAINED  IN  ALL  THE  ELEFENTS  OF  THIS 
INVESTIGATION.  IT  WILL  BE  UPGRADED  AM)  MADE  FINAL 
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AFTER  THE  INCORPORATION  OF  DATA  FROM  THE  P78'2 
SPACEFLIGHT. 

1.2  P78  2 SPACEFLIGHT  MISSION 
OBJECTIVES 

Tic  primary  P78-2  mission  objective  is  to  obtain 

INFORMATION  FOR  A MILITARY  STANDARD  CONCERNING 
SPACECRAFT  CHARGING.  THE  DATA  OBTAINED  FROM  THIS 
SATELLITE  IS  KEY  TO  DEFINING  THE  EMI/RFI  THAT  IS 
ENCOUNTERED  AT  SYNCHRONOUS  ALTITUDE.  In  ORDER  TO 
DESIGN  SPACECRAFT  THAT  ARE  IMMUNE  TO  THE  VARIOUS 
EFFECTS  CAUSED  BY  DIFFERENTIAL  CHARGING,  OME  MUST 
NOT  ONLY  UNDERSTAND  THE  FHENOMENA,  BUT  ALSO  BE 
ABLE  TO  TEST  NEW  SPACE  VEHICLES  TO  ENSURE  THAT 
THEY  ARE  NOT  SUSCEPTIBLE  TO  THE  EFFECTS  OF  THE 
PHENOMENA.  THE  VALIDATION  OF  PROPOSED  SYSTEM 
TESTS  WILL  BE  BASED  UPON  THE  RESULTS  OBTA1ICD  FROM 
THIS  FLIGHT.  THUS,  THE  P78"2  MISSION  IS  CENTRAL 
TO  THE  ACHIEVEMENT  OF  DESIRED  END  PRODUCTS  IN  THE 

NASA/AF  program.  The  information  generated  can  be 

USED  DIRECTLY  BY  PROGRAM  OFFICES  (MILITARY  AND 
CIVILIAN)  TO  ENSURE  THAT  SPACE  SYSTEMS,  SURVTVSABLE 
IN  THE  SPACECRAFT  CHARGING  ENVIRONMENT,  ARE 
DESIGNED,  TESTED,  AM©  FLOWN.  SPECIFICALLY,  THE 
STP  P78-2  SPACEFLIGHT  MISSION  OBJECTIVES  ARE  TO 
LAUNCH  AND  OPERATE  ON-ORBIT  THE  SAM5HKJ2 

experiment,  Spacecraft  Charging  At  High  Altitudes, 
the  Office  of  Naval  Research  Plasma  Interaction 
Experiment,  and  the  AFML-902  Thermal  Control/ 
Contamination  at  High  Altitutdes  experiment.  This 

INVOLVES  RESPONSIBILITY  TO: 

0 DeTER.NI ME  AND  ANALYTE  PAYLOAD  REQUIREMENTS 

o Design,  develop,  fabaricate,  test,  and 

launch  a space  vehicle  system  that  meets 
the  payload  requirements 

o Integrate  the  payloads  into  an 

operational  space  vehicle  system 

o Operate  the  space  vehicle  system  on-orbit 

FOR  AT  LEAST  ONE  YEAR 

o Collect  and  distribute  required  payload 

QATA. 


A PRIME  OBJECTIVE  OF  THE  ENGIMEERING  ANALYSES 
EFFORTS  IS  THE  CHARACTERIZATION  OF  THE  EMI 
ENVIRONMENT  INTERNAL  AND  EXTERNAL  TO  THE  SPACE 

vehicle.  Electrical  transients  and  spacecraft 

UPSETS  WILL  BE  CAREFULLY  STUDIED.  THESE  DATA  WILL 
BE  CORRELATED  WITH  SPACE  PLASMA  ENVIRONMENTAL 
CONDITIONS,  SPACECRAFT  LOCATION  AND  LOCAL  TIME, 
AND  GEOMAGNETIC  INDICES.  In  ADDITION, 
INVESTIGATIONS  WILL  BE  PERFORMED  RELATING  THESE 
DATA  TO  (HE  ELECTRICAL  POTFMfTIAL  OF  THE  SPACECRAFT 
AND  MATERIAL  MONITORS.  DIRECT  MEASURMENTS  OF 
SPACECRAFT  AMO  SAMPLE  MATERIAL  POTENTIALS  WILL  BE 
MADE  (INCLUDING  THE  POTENTIAL  OF  A SPACECRAFT 

"reference"  band).  Certain  experiments  will  also 

BE  CAPABLE  OF  INFERRING  POTENTIAL  MEASUREMENTS 
FROM  SPECIFIC  QATA.  DISCHARGES  MAY  BE  INDICATED 
THROUGH  CAREFUL  ANALYSIS  OF  THE  POTENTIAL 
MEASUREMENTS.  The  OBSERVATION  OF  D I CHARGES  IN 
COINCIDENCE  WITH  ELECTRICAL  UPSETS  IS  ESPECIALLY 
IMPORTANT.  For  THIS  REASON,  THE  EXPOSED  SPACE 
VEHICLE  CONDUCTING  AND  NONCONDUCTING  SURFACES  HAVE 
BEEN  CAREFULLY  MAPPED  TO  PROVIDE  INDICATIONS  TO 
VPERE  EXTERNAL  DISCHARGES  MAY  OCCUR.  A RELIABLE 
QUANTITATIVE  MEASUREMENT  OF  THE  ELECTRICAL 
TRANSIENTS  AND  SPACECRAFT  POTENTIALS  IS  IMPORTANT 
TO  PROVIDE  STATISTICAL  INPUTS  INTO  THE  "MILITARY 

Standard”  at©  "Design  Guidelimes"  documents. 
Correlation  of  the  data  to  the  environment  will 

PROVIDE  THE  KEY  To  PREDICTING  ON-ORBIT  BBIAVIOR 
FOR  FUTURE  SPACE  SYSTEMS. 

As  THE  EXPECTED  LIFETIME  OF  OPERATIONAL  SPACECRAFT 
INCREASE  (7  TO  10  YEARS  IS  NOT  UNUSUAL),  THE 
COMCERNS  CM/ER  THE  LONG  TERM  DEGRADATIONS  OF 
MATERIALS  BECOME  PRONOUNCED.  It  HAS  BEEN  STATED 
THAT  THE  SPACECRAFT  CHARGING  PHENOMENON  CAN  DAMAGE 
EXPOSED  SURFACE  MATERIALS  AND  PROMOTE  EMHANCED 
CONTAMINATION.  EXPERIMENTS  (SCI  AND  MIU2)  ON  THE 
P878-2  SPACECRAFT  WILL  PROVIDE  QUALITATIVE  DATA 
REGARDING  THESE  EFFECTS.  RELATING  THESE  RESULTS 
TO  SPACECRAFT  DESIGN  IS  A CRUCIAL  OUTPUT  EXPECTED 
FROM  THE  ENGIMEERING  ANALYSES. 

The  Satellite  Electron  and  Positive  Ion  Beam 
Systems  on  the  P78-2  spacecraft  will  provide 
experimental  tests  of  active  charge  control  of  the 
spacecraft  potential.  The  particle  beam  system 

DATA  WILL  BE  CORRELATED  TO  ALL  OF  THE  SPACECRAFT 
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POTENTIAL  MEASUREMENTS  AND  TO  THE  MONITORED 
ELECTRICAL  RESPONSES.  The  SYSTEM  WILL  TEST  THE 
POSSIBLE  UTILITY  OF  CHARGE  CONTROL  DEVICES  FOR 
OPERATIONAL  SPACECRAFT. 

Data  from  the  P78-2  spacecraft  will  be  applicable 

TO  THE  VALIDATIONS  OF  THE  ANALYTICAL  MODELS  BEING 
DEVELOPED.  THESE  INCLUDE  AN  ENVIRONMENTAL  MCDEL, 
SHEATH/CHARGING  MODELS.  A DISCHARGE  MODEL.  AND 

EMI/coupling  mcdels  The  environmental  mcdel  will 

DRAW  UPON  THE  DATA  OUTPUT  FROM  THE  ASSORTMENT  OF 
ELECTRON  AND  ION  PARTICLE  COUNTERS  ON  THE 
SPACECRAFT.  THESE  COVER  AN  ENERGY  RANGE  FROM  ONE 
EV  TO  SEVERAL  MILLION  eV  AS  SHOWN  IN  TABLE  1.1. 
Particles  in  the  kiloelectron  volt  regime  seem  to 

BE  MOST  IMPORTANT  TO  THE  CHARGING  PROBLEMS.  THE 
REMAINING  MODELS  WILL  BE  VALIDATED  USING 
CORRELATIONS  OF  DATA  FROM  SEVERAL  EXPERIMENTS. 

The  payloads  involved  include  particle  counters, 

ELECTRICAL  POTENTIAL  MONITORS,  ELECTRICAL 


Table  1.1.  Particle  Detector  Characteristics 


Species/ 

Number 

Biergy 

Min  Man 

AE/E 

at 

(•eel 

Geometrical 
Factor* 
(cm'  -*r) 

Comment* 

Electron* 

SCb 

I-IOO  eV 

... 

~0.4 

I 

0.  i eV-1.55  heV 

0.2 

0.25. 

0.04.  or 
0.  0005 

1.6  * 10'4 

Programmable 

Reeolution 

! SCS 

0.  05-1. 7 keV 

O.S 

0.2 

.0- 

1 sci 

b eV  - 18  keV 

0 07 

0.  1 

1.7*  |0'4 

1 SCR 

1 e V - 8 1 keV 

0.2 

0.25. 

0.04.  or 
0.0005 

1.6*  10  4 

Programmable 

Resolution 

SC* 

1.  7-60  keV 

0.8 

0.2 

.0  4 

sc* 

30-**0  keV 

0.4  to  1.5 

0. 1 or 

0.2 

5.5  * I0'J 

SC* 

0.0*-*.  1 MeV 

0. 1 to  1 

0.5 

5 r 10° 

Programmable 

Resolution 

SCJ 

*.  1-10.  0 MeV 

Integral 

5 * 10’’ 

Programmable 

Reeolution 

Proton  e 

SCR 

0 .2  eV  -1.55  keV 

0.2 

0.25. 

0.04.  or 
0.0005 

5.2  * !0'4 

Programmable 

Resolution 

*» 

0.  05-1.  7 keV 

0.8 

0.2 

10"* 

SCI 

5 eV-14  keV 

0.1 

0.  1 

6.7*  I0  4 

SCR 

1 e V - 81  keV 

0.2 

0.25. 

0.04.  or 
0.0005 

5.2  » I0‘4 

Programmable 

Resolution 

SC* 

1.  7-40  keV 

0.8 

0.2 

.O'* 

sc* 

70-725  keV 

0.5 

0.  1 or 

0.2 

2 * tO  l 

SCI 

|7.»J  JOO  keV 

1.0 

2 * I0’1 

sc* 

0.  725 -J5  MeV 

0.5  to  O.R 

0.1  or 

0.2 

2 * I0‘2 

sc* 

1-200  MeV 

0.  005  to  0.  5 

0.5 

3 * .O'* 

Programmable 

Resolution 

Ion* 

SC* 

I-IOO  eV 

0.  1 

~0.4 

SC1 

1 100  eV 

0.2 

0.06 

2 * I0'3 

h\  4Hs\  'V 

scs 

0.  1-52  keV 

o.os 

52 

Am/m  is  mass 
dependent 

1 - 160  AMU 

SCI 

*»0  keV/Nucleon 

Integral 

1.0  or 
0.25 

3.6  » I0'4 

SC) 

1 

6-60  MeV 

0.01  to  0.2 

0.  * 

1.I0"’ 

Resolution 

ANALYZERS,  AMO  TRANSIENT  DETECTORS.  The  VALIDATED 
MODELS  ARE  AN  IMPORTANT  GOAL  OF  THE  CHARGING 
INVESTIGATIONS  AMO  THE  P78~2  SPACECRAFT  DATA  ARE 
CRUCIAL  TO  ACHIEVING  THAT  GOAL.  THE  RESULTS  CAN 
AGAIN  BE  DIRBCTLY  APPLIED  AS  INPUTS  TO  THE  "EMC 

Standard*  and  "Design  Guidelimcs  Monograph.* 

!n  addition,  particular  payloads  have  OBJECTIVES 
THAT  EXTEND  BEYOND  THE  SCOPE  OF  THE  SPACECRAFT 
CHARGING  INVESTIGATIONS.  SPECIFICALLY,  INVESTI- 
GATIONS OF  PLASM1A  INTERACTION  PHENOMENA  IS  A GCAL 
OF  THE  0W  SPONSORED  PAVLOADS.  THE  U.  S.  NaVY 
SUPPORTS  SEVERAL  PAYLOADS  IMCLUDING  THE  9C9  UCSD 

Charged  Particle  Experiments,  the  SC8  Energetic 
Ion  Composition  Experiment,  the  SC7  Light  Ion  toss 
Spectrometer,  amo  the  SG  High  Energy  Particle 
Spectrometer. 

These  objectives  imm/olve  the  collection  of 

SCIENTIFIC  DATA  OF  PARTICULAR  INTEREST  TO  EACH 
EXPERIMENT  SPONSOR  AND  THE  SCIENTIFIC  COftUNITY. 

Key  areas  of  scientific  investigation  include 
monitoring  the  environment,  understanding  plasma 

WAVES  INTERACTIONS,  AMD  DETERMINING  HOW  SPACECRAFT 
MATERIALS  BB1AVE  IN  THE  SPACE  ENVIRONMENT. 

Specific  objectives  of  each  payload  are  discussed 
FURTHER  IN  SECTIONS  3 THROUGH  19. 

In  ORDER  TO  SUPPORT  THESE  VARIOUS  OBJECTIVES.  A 
TEAM  OF  HIGHLY  QUALIFIED  SCIENTISTS  AND  ENGIMEERS 
HAS  BEEN  ASSEMBLED  TO  PROVIDE  PAYLOADS  FOR  THE 
P78-2  SPACECRAFT.  The  PRINCIPAL  INVESTIGATORS 

ALONG  WITH  THEIR  SPONSORS  ARE  IDENTIFIED  IN  TABLE 

1.2.  Because  of  the  multitude  of  possible 

INTERACTIONS  BETWEEN  OTHERS  IN  THE  SCIENTIFIC 
COMtUNITY  AND  THE  PRINCIPAL  INVESTIGATORS  ON  THE 
P78-2  SPACECRAFTS,  THE  SPACE  TEST  PROGRAM  OFFICE 
ENCOURAGES  I MflE RESTED  IMCIVI DUALS  TO  CONTACT  KEY 
PAYLOAD  PERSONNEL  DIRBCTLY.  THE  SPACE  TEST 
Program  intemids  to  mwke  use  of  the  IMS  Newsletter 
AMO  MAILINGS  TO  THE  GEDS  CONSORTIUM  TO  FORMALLY 
ENCOURAGE  COOPERATIVE  EXPERIMENTATION. 
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Table  1.2.  Principal  Investigaiors/Sponsors 


Experiment 
Numbe  r 

Title 

Principal  Investigator/ 
Sponsor 

Address 

SCI 

Engineering  Experiments 

Dr.  H.  C.  Koons/ 

US  AF  / AFSC  / SAMSO 

The  Aerospace  Corporation 

P.  O.  Box  92957 

Los  Angeles,  CA  90009 

SC2 

Spacecraft  Sheath 

Electric  Fields 

Dr.  J.  F.  Fennell/ 

US  AF  / A FSC  /SAMSO 

The  Aerospace  Corporation 

P.  O.  Box  92957 

Los  Angeles,  CA  90009 

SC3 

High  Energy  Particle 
Spectrometer 

Dr.  J.  B.  Reagan 
Office  of  Naval 
Research 

Lockheed  Palo  Alto  Research 
Lab,  3251  Hanover  Street 

Palo  Alto,  CA  94304 

SC4 

Satellite  Electron  and 
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2.  P78-2  SPACECRAFT  DESCRIPTION 


2.1  INTRODUCTION 

TfE  P78-2  SPACECRAFT  IS  SPIN-STABILIZED  AND  WILL 
BE  PLACED  IN  A NEAR  SYNCHRONOUS,  NEAR  EQUATORIAL 
EARTH  ORBIT  FROM  T>€  EASTERN  TEST  RANGE  BY  A DELTA 

2914  in  January  1979.  Tic  spacecraft  houses, 

PROTECTS,  AND  SUPPORTS  SEVERAL  SCIENTIFIC  AND 
ENGINEERING  PAYLOADS.  IT  SPINS  ABOUT  AN  AXIS  IN 
T>€  ORBIT  PLANE  AND  NORMAL  TO  TIC  EARTH-SIN  LHC. 

On-orbit,  tic  satellite  will  be  controlled  by  tpe 
Air  Force  Satellite  Control  Facility  (AFSCF)  and 

WILL  COMMUNICATE  DIRECTLY  WITH  REMOTE  TRACKING 

stations  in  New  Hampshire,  tic  Indian  Ocean,  Guam, 
Hawaii,  and  at  Vandenberg  AFB.  Tic  mission  is 


PLANNED  FOR  A ONE'YEAR  DURATION  BUT  TPC  SPACECRAFT 
IS  PROVIDED  WITH  SUFFICIENT  EXPENDABLES  FOR  TWO 

years.  Actual  lifetime  of  tic  satellite  kill 

PROBABLY  BE  LIMITED  BY  SURVIVAL  CF  ELECTRONIC 
EQUIPMENT  IN  TPE  IONIZING  RADIATION  ENVIRONMENT. 

2.2  SPACECRAFT  CONFIGURATION 

Tpe  BODY  OF  TPC  SPACECRAFT  HAS  A CYLINDRICAL  SHAPE 
APPROXIMATELY  1.75  M IN  BOTH  LENGTH  AND  DIAMETER. 
On-orbit,  seven  experiment  booms  are  deployed. 
The  final  on-orbit  configuration  of  the  spacecraft 
is  shown  in  Figure  2.1.  Booms,  antenna  hardware, 

AND  SOME  INSTRUMENT  PROTRUSIONS  ALTER  TPE  BASIC 
CYLINDRICAL  GEOMETRY. 
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FORWARD  CQFMLN1  CATIONS  ANTENNA  MAST  AND  A SPIDER 
STRUCTURE,  WHICH  IN  TURN  SUPPORTS  EQUIPMENT 
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LOCATED  AT  THE  FORWARD  END, 


2 3 MATERIALS 


Figure  2.1 . P78  2 Space  Vehicle 

Most  of  tie  spacecraft  and  payload  equipment  is 

MOUNTED  IN  TIE  CENTRAL  (BELLYBAND)  PORTION  CF  THE 

cylinder.  Figure  2.2  shows  tec  location  of  in- 
strument APERTURES,  TEST  SURFACES,  AND  EXPERIMENT 
BOOMS  IN  THIS  REGION.  Tit  BOOM  ARRANGEMENT 


Special  lightweight  materials  are  used  in  tee 

SPACECRAFT  STRUCTURE  BECAUSE  THE  SPACECRAFT  OREIT 
AND  PAYLOAD  ARE  f£AR  THE  MAXIMLM  CAPABILITY  OF  Tit 

Delta  29-14  launch  vehicle  . Tit  center  tube  is 
MADE  OF  MAGNESIUM.  Tit  AFT  EQUIPMENT  DECK  IS 
ALUMINUM  HONEYCOMB.  Tit  FORWARD  DECK  IS  AN 
ALUMINUM  BEAM  STRUCTURE.  Tit  SOLAR  ARRAY 
SUBSTRATES  ARE  ALUMINUM  CORE  HONEYCOME  WITH  A 
FIBER  GLASS  OUTER  FACE  AND  AN'  ALUMINUM  INNER 
FACE.  Tit  SPIDER,  ITS  SUPPORT  TRIPOD,  AND  THE 


ISGLATES  SENSITIVE  INSTRUMENTS  FROM  SPACE  VEHICLE  ANTENNA  MAST  ARE  MADE  OF  GRAPH  I TE_EPCXY . 

INFLUENCES  AND  PROVIIES  CLEAR  FIELDS  OF  VIEW  (FCV) 

FOR  EXPERIMENTS  SENSITIVE  TO  LCW  ENERGY  PARTICLES  BECAUSE  SURFACE  MATERIALS  PLAY  AN  IMPORTANT  ROLE 

CR  CON-  TAMI NATION.  Tit  BELLYBAND  IS  OOVERED  WITH  IN  SPACECRAFT  CHARGING,  Tit  P78-2  SPACECRAFT  HAS 

ACCESS  PANELS  COATED  TO  MEET  REQUIREMENTS  OF  TFE  MANY  SURFACE  FEATURES  CHOSEN  SPECIFICALLY  TO 

EXPERIMENTS  AND  THERMAL  CONTROL  SUBSYSTEM.  Two  SUPPORT  MEASUREMENT  CF  1>f  CHARGING  PHENOMENON. 

SCLAR  ARRAYS  ENCIRCLE  Tit  CYLINDER,  Oft  FORWARD  THESE  ARE  ILLUSTRATED  IN  FIGURE  2.3.  Tit  FORWARD 

AND  ONE  AFT  CF  Tit  BELLYBAND.  Tit  APOGEE  END  IS  COVERED  WITH  GOLETPLATED  STAINLESS  STEEL 

INSERTION  MOTOR  IS  HOUSED  IN  A.  CENTRAL  TUBE.  A FOiL  TO  PROVIDE  A FLAT  EQU I POTENTIAL  SURFACE.  THE 

TRIPOD  MOUNTED  ON  Tit  CENTRAL  TUBE  SttPORTS  TIE  F0]L  [s  PAINTED  WITH  A PATTERN  OF  CIRCLES  OF 
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CONDUCTIVE  BLACK  PAINT  TO  PREVENT  EXCESSIVE 
HEATING  DURING  TIE  TRANSFER  ORBIT  PERIOD  WHEN  HE 
FORWARD  END  IS  EXPOSED  TO  THE  SUN.  To  PRESERVE  A 
FLAT  EQUI POTENTIAL  SURFACE  AT  TIE  FORWARD  END  OF 
THE  SPACECRAFT,  THE  FIELD  OF  VIEW  CAVITY  FOR  THE 

SC5  Rapid  Scan  Particle  Detector  is  covered  with  a 

i.OO-IN.  WOVEN  AND  WELDED  MESH  OF  G.Q10  IN. 
GOLD-PLATED  STAHL  ESS  STEEL  WIRE. 

The  SO  UCSD  Charged  Particle  Experiment  measures 

FLUXES  CF  LCW” ENERGY  CHARGED  PARTICLES . TltSE 
FLUXES  WOULD  BE  ALTERED  SIGNIFICANTLY  BY  FIELDS 
DUE  TO  CHARGED  SURFACES  1£AR  Tit  INSTRUMENT 
APERTURES.  FOR  THIS  REASON,  Tit  INSTRUMENT  IS 
SURROUNDED  BY  CONDUCTING  SURFACES  AT  SPACECRAFT 
GROUND  POTENTIAL.  In  ADDITION  TO  Tit  CONDUCTING 
FOIL  AT  Tit  FORWARD  END  OF  TIE  SPACECRAFT,  TIE  SO 
SURROUNDINGS  INCLUDE  SCLAR  CELL  COVER  GLASSES 
OOATED  WITH  CONDUCTING  INDIUM  OXIEE.  Tit  COVER 
GLASSES  ARE  REDUNDANTLY  I INTERCONNECTED  AND 
COLLECTIVELY  TIED  TO  Tit  SPACE  VEHICLE  FRAME. 


Li 


Figure  2.2.  Payload  Locations 


Tit  BELLYBAND  ACCESS  PANELS  MUST  SATISFY  BOTH 
HERMAL  OONTROL  AND  EXPERIMENT  REQUIREMENTS.  IN 


TIE  VICINITY  CF  INSTRUMENT  APERTURES  REQUIRING 

CONDUCTIVE  SURROUNDINGS*  TIE  PANELS  ARE  COATED 
WITH  A CONDUCTIVE  PAINT  DEVELOPED  AT  GODDARD  SPACE 

Flight  Center.  This  conducting  paint  covers 

METALLIC  SURFACES  TO  LIMIT  TEMPERATURES  CF  TIE 
ACCESS  PANELS.  TlE  PAINT  WILL  SUPPORT  NO  MORE 
THAN  A ONE "V  POTENTIAL  DIFFERENCE  WHEN  EXPOSED  TO 
A ONE-fA  CM^  PLASMA  CURRENT.  WlERE 

NONCONDUCTIVE  SURFACES  ARE  REQUIRED-  THE  ACCESS 
PANELS  ARE  OOVERED  WITH  TEFLCN  MIRRORS  SILVERED  ON 
THE  SECOND  SURFACE. 
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Figure  2.3.  Spacecraft  External  Surface  Materials 


Tie  egoms  used  to  separate  sensors  measuring 

AMBIENT  ENVI ROIWENTS  FROM  SPACECRAFT  EFFECTS 
PERTURB  TIE  SPACECRAFT  SIEATH.  CONDUCTING  BOOMS 
WOULD  SHORT-CIRCUIT  TIE  PLASMA  WHILE  DIELECTRIC 
BOOMS  WOULD  CHARGE  UP  AND  DISTORT  TIE  SPACECRAFT 
ELECTRIC  FIELDS.  THE  FIVE  SHORT  BOOMS  SHOWN  IN 

Figure  2.1  are  fabricated  with  platinum  rings  cn 

TIE  FIEER  GLASS  EPOXY  BASE  TO  ALLOW  SURFACE 
POTENTIALS  TO  APPROXIMATE  TIE  LOCAL  PLASMA 
POTENTIAL  AND  MINIMIZE  DISTURBANCE  OF  THE  SHEATH. 


STAELE  PHOTOELECTRIC  PROPERTIES.  TtE  BAND 
PRESENTS  A CONSTANT  PROJECTED  AREA  TO  TIE  SLN  AS 
THE  SATELLITE  SPINS.  The  SCI  PAYLOAD  DESCRIBED  IN 

Section  3 uses  this  band  as  a potential  reference 

SURFACE. 

2 4 ELECTROMAGNETIC  CONTROL 

SCI  MEASURES  RADIO  FREQUENCY  FIELDS  AT  TIE  SIGNAL 
LEVEL  CF  GALACTIC  NOISE.  To  AVOID  SWAMPING  THIS 
EXPERIMENT  WITH  SPACECRAFT  NOISE,  A NUMBER  OF 
SPECIAL  FEATURES  ARE  INCLUDED  IN  TIE  SPACECRAFT 
DESIGN.  Tie  REG1CN  BETWEEN  AND  AFT  OF  TIE  DECKS, 
WHERE  MOST  OF  TTE  SPACECRAFT  AND  PAYLOAD  EQUIPMENT 
IS  MOUNTED,  HAS  BEEN  DESIGNED  AS  A FARADAY  CAGE. 

Equipment  located  outside  this  region  is  either 

INDIVIDUALLY  HOUSED  IN  SHIELDED  ENCLOSURES  AT 
SPACECRAFT  GROUND  POTENTIAL  OR  IS  SUBJECT  TO 
STRINGENT  ELECTROMAGNETIC  CONTROL  REQUIREMENTS. 

Cables  outside  tic  Faraday  cage  are  doubly 
shielded.  Power  and  signal  lines  carrying 

CURRENTS  GREATER  THAN  10  NA  ARE  ROUTED  WITH  T!£IR 
RETURN  LINES  IMPLEMENTING  A ZERO-NET-CURRENT 
CABLING  APPROACH.  TfE  SOLAR  ARRAYS  ARE  BACK-WIRED 
TO  CANCEL  FIELDS  GENERATED  BY  THE  ARRAY  CURRENTS. 
Tit  ELECTRICAL  POWER  SYSTEM  SOURCE  IMPEDANCE  HAS 
BEEN  HELD  TO  LESS  THAN  20  M ILL  I OHMS  FROM  DC  TO  10 
MHZ  IN  ORDER  TO  REDUCE  OOUPLING  BETWEEN  POWER 
USERS. 

Spacecraft  magnetic  fields  directly  affect  tee 
SC11  Magnetic  Field  Detector  and  the  SG6  Thermal 
Plasma  Analyzer.  Furthermore,  tie  magnetometer 
measurements  are  used  to  correlate  results  frcm 
all  tie  charged  particle  detection  payloads  with 
the  Earth's  magnetic  field.  Commensurate  with 

THESE  REQUIREMENTS,  TIE  SPACECRAFT  IS  MODERATELY 
CLEAN  MAGNETICALLY  WITH  A TOTAL  DIPOLE  MOMENT  CF 
APPROXIMATELY  500  GAUSS  CM^  (POLE-CM).  Tit 
MAGNETIC  FIELDS,  DUE  TO  THE  SPACECRAFT  AT  TIE 
LOCATION  OF  TIE  BOOM-MOtNITED  MAGNETOMETER  AND  ALSO 
TIE  UNCERTAINTY  IN  THE  MEASUREMENT  OF  THE  EARTH'S 
FIELD  BY  TFE  MAGNETOMETER,  ARE  A FEW  TENTHS  OF  A 
NANOTESLA  (gAAMA).  THIS  ALLOWS  DETERMINATION  OF 
THE  DIRECTION  OF  TFE  EARTH'S  FIELD  TO  A FEW  TENTHS 
OF  A DEGREE  IN  THE  P7B-2  SPACECRAFT  ORBIT. 


2.5  THERMAL  CONTROL 

At  THE  AFT  END  OF  HE  SPACECRAFT  THERE  IS  AN 

ELECTRICAL  POTENTIAL  REFERENCE  EAND.  Tit  SURFACE  SPACECRAFT  THERMAL  CONTROL  IS  ACCOMPLISHED 
OF  THIS  BAND  IS  GOLD  TO  ENSURE  CONDUCTIVITY  AND  PRIMARILY  BY  PASSIVE  MEANS  WITH  HEATERS  USED  TO 
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MAINTAIN  MINIMUM  TEMPERATURES  FOR  CRITICAL 
EQUIPMENT . 

The  MAJOR  FEATURES  CF  TIE  TFERMAL  OONTROL  SYSTEM 
ARE  SHCMN  IN  FIGURE  2.4.  Tit  LARGEST  SOURCE  CF 
FEAT  IS  JOULE  FEAT  FROM  SPACECRAFT  AND  PAYLOAD 
EQUIPMENT.  Most  CF  THIS  EQUIPMENT  IS  MOUNTED  TO 
THE  AFT  EECK  IN  TEE  CENTRAL  STRUCTURE.  SOLAR 
ENERGY  INCIDENT  ON  THE  SCLAR  ARRAYS  IS  RERADIATED 
PRIMARILY  TO  SPACE,  SINCE  TIE  EMISSIVITY  OF  TIE 
OUTER  SURFACE  CF  THE  ARRAYS  IS  MUCH  HIGHER  THAN 
THAT  OF  TEE  INKER  FACE.  TtE  BELLYBAND  ACCESS 
PANELS,  COVERED  WITH  SECOND  SURFACE  MIRRORS  AND 
THERMAL  CONTROL  PAINTS,  REMAIN  COOL  IN  TIE 
SUNLIGHT  AND  FUNCTION  AS  EFFECTIVE  RADIATORS  OF 
WASTE  ENERGY  FROM  TIE  CECK*  MOUNTED  EQUIPMENT. 

Equipment  at  tie  ends  cf  the  spacecraft  is  kept 

WARM  BY  RADIATION  FROM  TIE  DECK-MOUNTED 
EQUIPMENT.  To  MAKE  THIS  APPROACH  EFFECTIVE, 
REJECTION  OF  IEAT  BY  TIE  END  SURFACE  HAS  BEEN 
MINIMIZED.  TiE  THERMAL  DESIGN  CONTAINS  SPECIAL 


FEATURES  TO  ACCOFMODATE  TIE  FOLLOWING  ASPECTS  OF 
THE  MISSION  AND  PAYLOADS: 

1.  Tie  solar  arrays  are  isolated  from,  tfc 

EQUIPMENT  SECTIONS  TO  PREVENT  EXCESSIVE 
RADIATIVE  COOLING  DURING  ECLIPSE  PERIODS. 

2.  Some  payloads  and  electric  heatefs  are  turned 
on  in  the  transfer  orbit  to  limit  cooling  cf 

THE  SPACECRAFT  DURING  THIS  PERIOD. 

5.  A FEW  COMPONENTS  WITH  LOW  OPERATING 
TEMPERATURES  ARE  ISOLATED  FROM  SPACECRAFT  HEAT 
SOURCES  AND  RADIATIVELY  COUPLED  TO  TIE 
EXTERNAL  ENVIRONMENT. 

4.  Critical  components  such  as  batteries,  tue 

APOGEE  INSERTION'  MOTOR,  AND  HYDRAZINE  ROCKET 
SUBSYSTEM  TANKS,  LI  FES,  AND  VALVES  ARE 
ELECTRICALLY  HEATED. 


A 


EXTERNAL  PAYLOAD 
THERMAL  COATINGS 
AND  INTERNAL  HEAT 


INSTRUMENT  VIEW 
CAVITY  iSCbi 
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Figure  2.4.  P78-2  Thermal  Balance 
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5.  Tit  APOGEE  INSERTION  MOTOR  IS  A LARGE  HEAT  In  ADDITION  TO  THE  8192  BPS  DATA  STREAM,  TIERE  IS 

SOURCE  DURING  ITS  BURN  AND  UNTIL  IT  IS  A 512  BPS  CHANNEL  AND  A DIRECT  FM  (BROADBAND) 

JETTISONED.  Tit  INSULATION  THAT  PROTECTS  1>E  CHANNEL.  TlE  512  BPS  CHANNEL  OONTAINS  CRITICAL 

SATELLITE  FRCM  THIS  HEAT  SOURCE  ALSO  PREVENTS  SPACECRAFT  AND  PAYLOAD  INFORMATION  THAT  ALSO 

SIGNIFICANT  FEAT  REJECTION  THROUGH  TIE  AFT  APPEARS  IN  TIE  8192  BPS  DATA.  TlE  512  BPS  AND 

CENTRAL  CAVITY  DURING  TIE  MISSION  OPERATIONS  8192  BPS  CHANNELS  ARE  NOT  USED  SIMULTANEOUSLY. 

PERIOD. 


6.  Tie  SC5  Rapid  Scan  Particle  Detector  view 

CAVITY  IS  POINTED  NORMAL  TO  TIE  SUNLINE.  ThE 
WALLS  CF  HE  CAVITY  ARE  RADI  ATI  VELY  ISOLATED 
FRCM  TIE  EQUIPMENT  COMPARTMENTS  TO  PREVENT 
EXCESS  FEAT  LOSS  TFROUGH  THIS  CAVITY. 

2.6  ELECTRICAL  POWER 

Tie  solar  arrays  proviee  290  W of  power  for 

SPACECRAFT  AND  PAYLOAD  FUNCTIONS.  THE  ARRAYS  ARE 
BASICALLY  CYLINDRICAL  WITH  SOME  IRREGULARITIES  IN 
CONFIGURATION  TO  PROVIDE  SPECIAL  SURFACES 
SURROUNDING  INSTRUMENT  APERTURES  AND  TEST 
SAMPLES.  Tie  PROJECTED  AREA  CF  EACH  ARRAY  IS 
APPROXIMATELY  0.9  m2  AVERAGED  OVER  A COMPLETE 
SATELLITE  ROTATION.  THE  SPACECRAFT  AND  EXPERIMENT 
ELECTRICAL  LOADS  ARE  SUPPLIED  EY  TFE  ARRAY  EXCEPT 
WHEN  THOSE  LOADS  EXCEED  THE  ARRAY  CAPABILITY.  At 
SUCH  TIMES,  TFREE  8-AMPERE-HOUR  NICKEL  CADMIUM 
BATTERIES  SUPPLY  THE  ADDITIONAL  PCWER,  Jn 
PARTICULAR,  Tit  BATTERIES  SUPPLY  Tit  ENTIRE  LOAD 
DURING  BOOST  PHASE  AND  ECLIPSE  OPERATION.  WHEN 
THE  ARRAY  CAPABILITY  EXCEEDS  TFt  LOADS,  Tit 
BATTERIES  /RE  CHARGED.  ANY  EXCESS  POWER  IS 
DISSIPATED  IN  RESISTIVE  RADIATORS. 

Tit  HIGH  SENSITIVITY  SPECTRLM  ANALYZER  IN  PAYLOAD 
SCI  CAN  BE  COFWANDED  TO  OPERATE  FROM  A SEPARATE 
EATTERY,  IF  REQUIRED,  IN  ORDER  TO  ACHIEVE  SUITABLE 
ISOLATION  FROM  ELECTROMAGNETIC  INTERFERENCE. 

2 7 DATA  SYSTEM 

Tit  MSIC  DATA  RATE  FROM  SPACECRAFT  AND  PAYLOADS 

is  8192  bps.  These  data  cm  be  transmitted  in 

REALTIME  OR  TAPE-RECORDED  FOR  LATER  TRANSMISSION', 

Data  transmission  in  the  tape  playback  mode  takes 
place  at  65,536  bps.  Each  of  the  two  tape 
RECORDERS  HAS  A 12~  It  CAPACITY.  Tit  NORMAL 
PROCEDURE  IS  TO  RECORD  ON'  CNE  TAPE  RECORDER  UNTIL 

it  is  full.  The  other  recorder,  previously 

FILLED-  IS  FLAYED  BACK  DURING  PERIODIC  GROUND 
CONTACTS . 


Tit  DIRECT  FM  CHANNa.  PROVIDES  FREQUENCY  RESPONSE 
UP  TO  5 kHz  AND  CAN  BE  USED  IN  A NUMBER  CF 
DIFFERENT  MODES  TO  HANDLE  ANALOG  DATA  FROM  ONE  OR 
MORE  EXPERIMENTS. 

At  any  time,  the  use  of  a particular  data  mode 

DEPENDS  ON  Tit  CAPABILITY  OF  A TRACKING  STATION  TO 
CLOSE  Tit  APPROPRIATE  TELEMETRY  LINK  AND  TFE 
AVAILABILITY  CF  THAT  STATION  TO  SUPPOR1  Tit 
MISSION.  Tit  SPACECRAFT  HAS  TFE  CAPABILITY  AT  ALL 
TIMES  IN  TFE  FINAL  ORBIT  TO  CLOSE  SOME  TELEMETRY 
LINK  WITH  TFE  SYSTEM  CF  GROUND  STATIONS. 

2.8  DATA  TRANSMISSION 

Realtime  or  recorded  data  are  transmitted  to  tie 
AFSCF  ground  stations  by  an  S-band  downlink. 
E itfer  of  two  redundant  transmitters  may  be  used 
WITH  ANY  CF  THREE  ANTENNAS  IN  THIS  LINK.  Tit 

transmitter  output  is  10.5  W.  Tie  carrier  is 

MODULATED  WITH  A l.G&-tbZ  PHASE  SHIFT-KEYED 
SUBCARRIER.  Tit  l.Q2A-MHz  SUBCARRIER  CAN  BE  USED 
ALONE  OR  SUMMED  WITH  EITHER  A 1.7-ftlZ  PHASE 
SHIFT-KEYED  SUBCARRIER  OR  A 1.7~tHZ  FM  SUBCARRIER. 

Omnidirectional  antennas,  mounted  at  both  ends  cf 

THE  SPACECRAFT,  PROVIEE  FULL  SFHERICAL  COVERAGE. 

Each  cf  these  antennas  consists  of  two  crossed 

FLAT  DIPOLES  OVER  A TRUNCATED,  SLOTTED  CONE.  Tit 
DIPOLES  ARE  FED  IN  QUADRATURE.  ThE  THIRD  ANTENNA 
IS  A RADIAL  ARRAY  MOUNTED  ON  Tit  SAME  MAST  AS  TFt 
FORWARD  GMN1.  THIS  ANTENNA  CONSISTS  OF  TWO 
CROSSED  DIPOLES  OVER  TRUNCATED , SLOTTED  CONES, 
PLACED  BACK-TO-BACK.  THESE  DIPOLES  ARE  FED  IN 
PARALLEL  AND  IN  PHASE  TO  RADIATE  A TORODIAL 
PATTERN  COAXIAL  WITH  Tit  VEHICLE  SPIN  AXIS. 

Annular  ring  resonant  cavity  chokes  are  used  to 

NARROW  THIS  ANTENNA  PATTERN.  The  RADIAL  ARRAY  IS 
USED  FCR  DATA  TRANSMISSION  ONLY,  WHILE  TFt  OMNiS 
ARE  USED  FOR  COMMAND  RECEPTION  AS  WELL. 

2.9  COMMANDING 

Tit  COmoND  SYSTEM  IS  FULLY  REDUNDANT.  TfC 


8 


‘ 


CWNl ANTENNAS/  ONE  AT  EACH  END  CF  THE  SPACECRAFT, 
FEED  EITEER  OF  TWO  STRINGS  OF 
RECEIVER- DEMODELATOR,  DECODER,  AND  CQWAND 
DISTRIBUTION  UNITS.  TfE  SYSTEM  ACCEPTS  OOPMANDS 

frcm  the  AFSCF  Space-Ground  Link  Subsystem.  The 

MAXIMUM  COMMAND  RATE  IS  CNE  PER  SEC.  LATCHING, 
MOMENTARY,  AND  SERIAL  DIGITAL  CCMMAND6  ARE 
PROVIDED  TO  PAYLOADS  AND  SPACECRAFT  SUBSYSTEMS. 

Timing  signals  ranging  in  frequency  from  Hz 

] O 

TO  2X  Hz  ARE  DISTRIBUTED  TO  T>£  PAYLOADS. 
These  signals  are  generated  frcm  a basic 
oscillator  output  that  is  initially  accurate  to  1 
PPM  AND  DRIFTS  LESS  THAN  0.01  PPM/QAY. 


2.10  ATTITUDE  CONTROL  AND 
DETERMINATION 

Spacecraft  attitude  is  determined  frcm  tee  outputs 

CF  FOUR  DIGITAL  SUN  SENSORS  AND  TWO  STEERABLE 
HORIZCN  CROSSING  INDICATORS.  THESE  DATA  ARE 
PROCESSED  ON  TEE  GROUND  AND  CONTROL  ACTIONS  ARE 
DIRECTED  BY  UPLINK  COMMAND.  TWO  ROCKET  ENGINE 
MODULES  PRCVIEE  TERUST  FOR  PRECESSING  TEE  SPIN 
AXIS,  CONTROLLING  THE  SPIN  RATE,  AND  IMPARTING 
VELOCITY  INCREMENTS  FOR  ORBIT  ADJUSTMENT.  EACH 
MODULE  CONSISTS  CF  Of£  3.0  Kg  TERUST  AND  THREE 
0.11  Kg  THRUST  HYDRAZI AE  ROCKET  ENGINES.  Two  OIL- 
FILLED  NUTATION  DAMPERS  PROVIDE  ANGLE  DAMPING.  In 
TEE  FINAL  SPACECRAFT  CONFIGURATION,  WITH  ALL  BOOMS 
DEPLOYED  AND  THE  SATELLITE  SPINNING  AT  ONE  RPM, 
THE  DAMPING  TIME  CONSTANT  IS  8 HR . 


2.11  ORBIT 

Tic  FINAL  ORBIT  IS  ADJUSTED  TO  PROVIDE  A SLCW 
EASTERLY  DRIFT  CF  TPE  SATELLITE  GROUND  TRACK, 
TYPICALLY  6 DEG/DAY  WITH  APOGEE  AND  PERIGEE  27500 
KM  AND  *£250  KM,  RESPECTIVELY.  FIGURE  2.5 
ILLUSTRATES  TEE  GROUND  TRACE  OF  TIE  SUBSATELLITE 
POINT.  The  SPATIAL  R&ATIONSHIPS  BETWEEN  THE 
EARTH,  ITS  MAGNETOSPHERE,  AND  TPE  SATELLITE  ORBIT 
ARE  SHOWN  QUALITATIVELY  IN  FIGURE  2.6.  On  MARCH 
20,  TEE  FIFTY-FIFTH  DAY  OF  TEE  MISSION,  TEE 
SATELLITE  ORBIT  EEGINS  TO  INTERSECT  THE  EARTH'S 
SHADOW  AS  ILLUSTRATED  IN  FIGURE  2.7.  THIS  SPRING 
ECLIPSE  SEASON  LASTS  44  DAYS  WITH  A MAXIMUM 
ECLIPSE  DURATION  OF  71  MIN.  A SECOND  ECLIPSE 
SEASON  IS  ENCOUNTERED  IN  THE  FALL . 

2.12  OPERATIONS 

Data  acquisition  cn  tee  P78-2  spacecraft  is 
USUALLY  LIMITED  BY  GROUND  DATA  HANDLING  CAPACITY. 


100  HO  120  130  140 


lONfilTUDE,  (ley 

Figure  2.5  Typical  Ground  Track  During  Final  Orbit 


MAGNETIC  flElD  IINES 


Figure  2.6.  P782  Orbit  Reference  to  the  Magnetosphere 


In  principle  tee  satellite  oould  support  24  hr 
EACH  DAY  OF  DIGITAL  ACTIVITY  AND  UP  TO  10  HR  CF 
BROADBAND  ACTIVITY.  TfE  TOTAL  TAPE  RECORDER 
CAPACITY  IS  24  PR  CF  DATA.  THUS,  TO  SUPPORT  FULL 
TIME  ACTIVITY,  TEE  TAPE  RECORDERS  WOULD  NEED  TO  BE 
COMPLETELY  PLAYED  BACK  ONCE  A DAY.  WHEN 
CONTINUOUS  GROIRD  SUPPORT  IS  AVAILABLE,  EERERIMENT 
OPERATION  IS  NOT  LIMITED  BY  SPACECRAFT  POWER 
HANDLING  CAPABILITIES.  An  EXCEPTION  TO  THIS 
OCCURS  ON  TEE  DAYS  CF  TEE  LONGEST  ECLIPSES.  At 
THOSE  TIMES,  BROADBAND  DATA  TRANSMISSION'  AND 
OPERATION  CF  THE  ELECTRON  AND  ION  GUNS  IS 
RESTRICTED  TO  AVOID  EXCEEDING  AN  802  DEPTH  OF 
DISCHARGE  OF  TEE  BATTERIES. 
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Te£  MISSION  SEQUENCE  , FIGURE  2.8,  FOLLOWING  ORBIT 
INSERTION  AND  EJECTION  CF  TE£  APOGEE  INSERTION 
MOTOR,  CALLS  FOR  ADJUSTMENT  OF  TT£  ORBIT  TO 
ACHIEVE  A SLOW  EASTWARD  DRIFT  CF  TEC  GROUND 
TRACK.  Tee  SATELLITE  SPIN  AXIS  IS  TEEN  ORIENTED 

normal  to  tte  sun-Iie.  This  orientation  is 
essential  to  satisfactory  operation  of  tte 

SCIENTIFIC  PAYLOAD  AS  WELL  AS  OPERATION  CF  TIE 
SPACECRAFT  POWER  SUBSYSTEM.  TlE  SPIN  AXIS  IS 
PRECESSED  THROUGHOUT  TIE  MISSION  AT  APPROX  1MAT&Y 
ONE-WEEK  INTERVALS  TD  MAINTAIN  A 90~DEG  ANGLE 
BETWEEN  THE  SPIN  AXIS  AND  TIE  EARTH-SUN  Lift. 

Once  tie  satellite  is  properly  oriented,  booms  are 
DEPLOYED  FOR  THE  SG6  THERMAL  PLASMA  ANALYZER,  THE 

SC2  Spacecraft  Sieath  Potential  Monitor,  tie  SCII 
Magnetic  Field  Monitor,  and  the  SCI  RF 
Electromagnetic  Wave  Analyzer.  Tie  payloads, 
which  are  discussed  in  detail  in  the  following 
sections,  are  checked  out  individually  and  in 
combination  during  the  text  few  days. 

Tie  two  50-m  antennas  deployed  for  tie  SC10 
Electric  Field  Detector  will  significantly  change 

THE  ELECTRICAL  CONFIGURATION  OF  THE  SATELLITE.  To 
PERMIT  BASELINE  DATA  TO  BE  TAKEN  BY  EXPERIMENTS 


SENSITIVE  TO  TIE  SATELLITE  ELECTRICAL 
CONFIGURATION,  TIE  LONG  ANTENNAS  WILL  BE  DEPLOYED 
IN  STEPS  OVER  A PERIOD  OF  KEEKS  BEGINNING  SEVERAL 
WEEKS  INTO  TIE  MISSION.  At  TIE  END  OF  TIE  ECLIPSE 
SEASON,  90  DAYS  INTO  TIE  MISSION,  TIE  P78'2 
SPACECRAFT  AND  ITS'  VARIED  AND  INTERACTIVE  PAYLOAD 
EEGIN  WHAT  CAN  BE  CALLED  NORMAL  OPERATIONS. 

2 13  TRANSIENT  PULSE  MONITOR 

In  order  to  obtain  a quantitative  DESCRIPTION  of 
THE  ELECTROMAGNETIC  PULSE  ENVIROfWENT  ON  THE 
SPACECRAFT,  A TRANSIENT  PlJLSE  MONITOR  WAS  INCLUDED 
AS  A SPACECRAFT  COMPONENT.  RELATIVE  FREQLENCY  CF 
OCCURANCE  OF  PULSES  AS  A FUNCTION  CF  AMP1  I TIDE  AND 
DURATION  PERMIT  DESIGN1  CF  COWANn/ CONTROL  LOGIC 
THAT  IS  RELATIVELY  IMMLNE  TO  SPURIOUS  SIGNALS  CN 
TYPICAL  SPACECRAFT.  CHARACTERISTICS  OF  SIGNALS 
PRODUCED  BY  ARCING  BETWEEN  DIFFERENTIALLY  CHARGED 
ELEMENTS  ON  TIE  SPACECRAFT  WILL  BE  MEASURED. 

Additionally,  data  from  known  discharge  events, 

IDENTIFIED  BY  DATA  FROM  THE  SPACERAFT  SURFACE 
Potential  Monitor,  can  be  used  quantitatively  and 

QUALITATIVELY  IN  TIE  VALIDATION  CF  ELECTROMAGNETIC 
PULSE  OOUPLING  MODELS. 
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Ficjur«  ? 8 Mission  Operations  Through  Spring  Eclipse  Season 


FINAl  ORBIT 
73100  nmi 
16038  nmi 
8 3 deg 
23  64  hr 

fi  deg  DAT  EASTWARD 
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Tec  Transient  Pulse  Monitor  oonsists  of  an 

ELECTRONIC  PROCESSOR  AND  FOUR  ELECTRICAL  TRANSIENT 
SENSORS.  AS  SECWN  IN  FIGURE  2.9/  TWO  OF  TEC 
SENSORS  ARE  CURRENT  PROBES  AND  TWO  ARE  LONG  WIRE 
ANTENNAS.  ONE  CURRENT  PROBE  IS  LOCATED  ON  CNE  OF 
TEC  WIRES  THAT  CONfCCT  TEC  SaAR  ARRAY  TO  TEC 

Power  Conditioning  Unit.  Tec  otecr  current  sensor 

IS  LOCATED  ON  OFC  OF  SEVEN  GROUND  WIRES  BETVEEN 

the  Power  Conditioning  Unit  and  tec  vehicle 
frafe.  Both  current  sensors  have  sensitivities  cf 
l rV/rA.  Tec  long  wire  antennas  each  consist  of 

ISOLATED  WIRES  TIED  TO  TEC  OUTSIDE  OF  TEC  FOIL 
WAP  OF  TEC  MAIN  VEHICLE  WIRING  HARNESS.  TeC  TWO 
WIRES  RUN  PARALLEL  TO  EACH  OTECR  AND  EXTEND  HALF 
WAY  ARUM)  TEC  INSIDE  OF  TEC  VEHICLE  CENTER  TUBE. 
TECSE  ANTEWAS  DIFFER  ONLY  IN  TEC  RWGNITIDES  CF 
THEIR  TERMINATION  IMPEDANCES.  As  SHORN  IN  FIGURE 
2.9,  TEC  LOW"  IMPEDANCE  ANTENNA  IS  CONNECTED 
DIRECTLY  TO  TEC  VEHICLE  FRARE  AT  THE  FAR  END  AND 
IS  TERMINATED  IN  5011  WITHIN  TEC  INSTRURENT 
PROCESSOR  HOUSING.  TlC  HIGH- IMPEDANCE  ANTENNA  IS 
CONfCCTED  TO  TEC  VEHICLE  FRAME  THROUGH  A lCKHdl 
RESISTOR  AT  TEC  FAR  END.  At  THE  TRANSIENT  PULSE 

Monitor  end  of  tec  high- impedance  antenna  tecre  is 

A 10-KH RESISTOR  IN  SERIES  WITH  TEC  Shft  INPUT 
IMPEDANCE. 


Figure  2.9.  Layout  of  Transient  Pulse  Monitor  Sensors 


Tec  Transient  Pulse  Monitor  electronic  processor 

CONTINUOUSLY  MONITORS  ELECTRICAL  SIGNALS  FRCM  EACH 
OF  TEC  FOUR  SENSORS  SIMULTANEOUSLY  AND  PROVIDES 
TEC  FOLLOWING  IfCORMATION  FOR  EACH  SENSOR  ONCE  PER 
SEC! 


0 POSITIVE  INTEGRAL 

0 NEGATIVE  INTEGRAL 

0 POSITIVE  PEAK  AMPLITUDE 

0 NEGATIVE  PEAK  AMFL  ITIJEE 

Figure  2.10  is  a functional  block  diagram  cf  tec 
ELECTRONICS  ASSOCIATED  WITH  EACH  SENSOR. 

2 14  PULSE  COUNT  CHANNELS 

Tec  pulse  count  channel  associated  with  each 

SENSOR  INDICATES  TEC  TOTAL  NUMEER  OF  TIMES  THAT 
THE  MAGNITUDE  OF  TEC  INPUT  SIGNAL  EXCEEDS  A SET 
THRESHOLD  DURING  EACH  ONE'SEC  TELEMETRY  WINDOW. 

However,  if  tec  input  signal  exceeds  tec  set 

TERESHOLD  MORE  THAN  CNCE  DURING  ANY  j-MSEC  PERIOD, 
IT  IS  00  UNTED  ONLY  ONCE.  TEC  PULSE  OOUNTERS 
ACQUIRE  DATA  THROUGHOUT  EACH  ONE-SEC  TELEMETRY 
FRAME  REGARDLESS  OF  TEC  MODE  SETTING. 

Tec  Pilse  Counter  thresholds  are  as  follows: 
Threshold  Setting  Threshold  (V) 

0 0.35 

1 0.069 

2 0.012 

3 0.002 

2.15  PULSE  INTEGRAL  CHANNELS 

Tec  two  pulse  integral  channels  associated  with 

EACH  SENSOR  INDICATE  TEC  TOTAL  POSITIVE  AND 
ECGATIVE  INTEGRAL  OF  TEC  INPUT  SIGNALS  DURING  EACH 
TIMING  WINDOW.  HOWEVER,  TEC  PORTIONS  CF  THE  INPUT 
SIGNAL  TEtAT  DO  NOT  EXCEED  T>C  LCWER  AMR.  1 TIDE 
TECESHCLDS  SHOWN  IN  THE  TABLE  ARE  NOT  INCLUDED  IN 
TEC  INTEGRAL  EEASUREMENT.  In  TEC  CONTINUOUS  MODE 
(MODE  0),  THE  TIMING  WINDOW  IS  TEC  ENTIRE  ONE'SEC 
TELEMETRY  FRAME.  In  TEC  SINGLE-PULSE  MODE  (MODE 
1),  TEC  INPUTS  TO  TEC  PULSE  INTEGRAL  CHANNELS  FROM 
ANY  SENSOR  ARE  DISABLED  APPROXIMATELY  10  MSEC 
AFTER  TEE  OCCURENCE  CF  ANY  TRANSIENT  THAT  EXCEEDS 
TEC  THRESHOLD  OF  TEC  FOLSE  COUNTER  CHANNEL 
ASSOCIATED  KITH  THAT  SENSOR. 
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Figure  2.10.  Transient  Pulse  Monitor  System  Block  Diagram 

The  RELAT I CFiSHI  P BETWEEN  TFE  INPUT  PULSE  INTEGRAL  THE  OCCURANCE  CF  ANY  T 

AS  DEFINED  ABOVE  AND  TFE  OUTPUT  CF  TFE  PULSE  THRESHOLD  OF  TFE  PULSE 

INTEGRAL  CHANNEL  IS  DETERMINED  BY  TFE  OVERALL  WITH  THAT  SENSOR.  TfE  F 

TFEESHCLD  SETTING  AND  EY  TFE  INPUT  PLLSE  /WPLITUDE  NOT  AFFECTED  BY  CHANGES 

AS  MEASURED  EC  TFE  ASSOCIATED  PEAK  AMPLITIDE 

CHANNEL.  TFE  DYNAMIC  RANGE  IS  2 X 10'^  TO  1.6  X TfE  DYNAMIC  RANGE  CF  TF 
10  V-SEC.  is  2 mV  to  2*1  V fcr  tfe 


TFE  OCCURANCE  CF  ANY  TRANSIENT  THAT  EXCEEDS  TFE 
TFEESFCLD  OF  TFE  PULSE  CO  INTER  CHANNEL  ASSOCIATED 
WITH  THAT  SENSOR.  TfE  PEAK  AMPL ITUEE  CHANNELS  ARE 
NOT  AFFECTED  BY  CHANGES  IN  TFNESHDLD. 


Tfe  Transient  Pulse  Monitor  can  be  ooFtwiEED  to 

OPERATE  IN  ONE  CF  TWO  MODES  (CONTINUOUS  OR  SINGLE 
PULSE)  and  TFE  DETECTOR  TFRESHDLD  CAN  BE  OOmWDED 
TO  ONE  CF  FOIN  LEVELS . 

2.16  PEAK  AMPLITUDE  CHANNELS 

Tfe  two  peak  amplitude  chawels  associated  with 

EACH  SENSOR  I FC I CATE  TFE  MAXIMIM  POSITIVE  AND 
FEGATIVE  EXCURSION  CF  TFE  INPUT  SIGNALS  DURING 
EACH  TIMING  WINDOW.  In  TFE  CONTINUOUS  MODE  (MODE 
0),  TFE  TIMING  WINDOW  IS  TFE  ENTIRE  ONE'SEC 
FRAAE . IN  TFE  SINGLE-PULSE  MODE  (MODE  1),  TFE 
INPUTS  TO  TFE  PEAK  AMPLITUDE  CHANFELS  FRvM  ANY 
SENSOR  ARE  DISABLED  APPROXIMATELY  1C  MSEC  AFTER 


Tfe  dynamic  range  cf  tfe  peak  amplitude  channels 
IS  2 pV  TO  2*i  V FCR  TFE  HlOt  IMPEDANCE  ANTENNA,  20 
fV  TO  240  V FOR  TFE  LOW  IMPEDANCE  ANTENNA,  2 FA  TO 
2*1  A FOR  TFE  SOLAR  ARRAY  SENSOR,  AND  M0  FA  TO 
1700  A FOR  TFE  POWER  DISTRIBUTION  UNIT  SEFEOR. 
TfESE  RANGES  INCLLEE  TFE  EFFECTS  CF  20  l£ 
ATTENUATORS  IN  TFE  INPUTS  TO  TFE  LOW  IMPEDANCE  AND 

Power  Conditioning  Unit  sensors  /wd  a.so  tfe  fact 

THAT  OFEY  OFE  IF  SEVEN  IDENTICAL  POWER  LEADS  IS 

monitored  by  tfe  Power  Conditioning  Unit  sensor. 


3.  SCI  SATELLITE  SURFACE  POTENTIAL  MONITOR 


3.1  SCIENTIFIC  OBJECTIVES 

Tic  Satellite  Surface  Potential  Monitor  (SSPM) 
CONSISTS  CF  lit  SC1-L  SC1-2.  AND  THE  SCl'3 
INSTRUMENTS.  TlCSE  IffiTRUMENTS  MEASURE  TIC 
CHARGING  POTENTIALS  AND  CURRENTS  ASSOCIATED  WITH 
PLASMA  INTERACTIONS  WITH  TYPICAL  SPACECRAFT 
MATERIALS  AT  NEAR-SYNCHRONOUS-ORBIT  ALTITUDES  CF 
THE  P78-2  SPACECRAFT.  SPECIF  ICALLY,  TIC  TIME 
PROFILE  CF  CHARGING  EVENTS  ON  I DELATORS.  GROUNDED 
INSULATORS,  AND  AN  ISOLATED  CONDUCTOR  IN 
CONJUCTICN  WITH  VARIOUS  ENVIRONMENTAL  PARAMETERS 
MEASURED  ON  T>€  SAME  SATELLITE,  WILL  BE  COMPARED 
WITH  ANALYTICAL  RESULTS  CF  VARIOUS  SPACECRAFT 
CHARGING  MODELS. 

3.2  MEASURING  TECHNIQUE 

TWO  PARAMETERS  SOUGHT  EV  THE  SSPM  EXPERIMENT  ARE 
SURFACE  POTENTIALS  CN  AND  BULK  CURRENT  FLOWS  IN 
TYPICAL  SPACECRAFT  MATERIALS  WIRING  ALL  PHASES  CF 
TIC  P78-2  SPACEFLIGHT.  A TECHNIQUE  DEVELOPED  TO 
PROVIDE  TEE  FRONT  SURFACE  POTENTIAL  IS  TO  MEASURE 
DIRECTLY  TEC  BACK  SURFACE  VOLTAGE  USING  AN 
ELECTROSTATIC  DEVICE  AND  TEEN  TO  CALCULATE  TEC 
FRONT  SURFACE  POTENTIAL  EY  MEANS  OF  LABORATORY 
CALIBRATIONS. 

TC  INFER  TEC  CHARGING  PROFILE  OF  A TYPICAL 

SPACECRAFT  MATERIAL,  ONE  MOST  MAKE  A SERIES  CF 
MEASUREMENTS  AND  ASSUMPTIONS.  REDUNDANT  MEASURE- 
MENTS CF  ALUMINIZED  KAPTCN  ARE  MADE  ON  EACH  OF 
THREE  INSTRUMENTS  (SCl'l,  SCl'2,  AND  SQ-3)  FOR 
THE  FOLLOWING  REASONS:  DURING  HIGH  TEMPORAL 

CHARGING  EVENTS,  TIC  FWYSICAL  LOCATION  OF  THE 
SAMPLE  MATERIAL  ON  THE  SATELLITE  MAY  BE  IMPORTANT; 
WFCTFCR  OR  NOT  TIC  DIELECTRIC  MATERIAL  IS  IN  SIM 
OR  SHADOW  MAY  ALSO  AFFECT  THE  FINAL  RESULT;  AND 
THE  BGUNDARY  CONDITIONS  (i.E.,  PROXIMITY  OF  OTICR 
SAMPLES  AND  GROUNDING  PLANES ) WILL  PROBABLY  AFFECT 
THE  CHARGING  PROFILE.  In  ADDITION  TO  TIC 

ALUMINIZED  KAPTCN,  OTHER  SAMPLES  TO  BE  FLOWN  ON 
THE  P78-2  SPACECRAFT  ARE  SILVERED  TEFLON,  QUARTZ 
FABRIC  MOUNTED  ON  SILVERED  TEFLON,  GOLD-FLASHED 
ALUMINIZED  KAPTON,  TWO  SETS  OF  OPTICAL  SOLAR 

REFLECTING  (OSR)  MIRRORS,  AND  A GCLD"  PLATED 
MAGNESIUM  FLATE, 

Two  OF  TIC  NINE  SAMFLES  ARE  NOT  EXPECTED  TO  CHARGE 


IN  SPACE,  AT  LEAST  DURING  THE  INITIAL  OPERATION  OF 
THE  SPACECRAFT.  SAMPLE  #2  ON  SCl'l  HAS  A GROUNDED 
THIN  CONDUCTING  SUtCACE  MATERIAL  OVER  A MOSAIC  CF 

mirrors.  Sample  04  on  SC1-3  has  a grounded  thin 

COATING  CF  GOLD  FLASHING  OVER  ALUMINIZED  KAPTCN. 

TaULE  3.1  SHOWS  TIC  COMPLETE  LIST  OF  SSPM  SAMPLES 
AND  DESIGNATED  MEASUREMENT  NUMBERS.  SCl'l  AND 
SC1-2  ARE  LOCATED  NEAR  TFC  EQUATORIAL  PLANE  OF  TIC 
SPACECRAFT  APPROXIMATED  180  DEG  FRCM  EACH  OTHER. 

Tic  four  samples  of  SC1-1  and  tic  large  sample  of 

SCi-2  WILL  ROTATE  IN  AND  OUT  OF  SHADOW  EVERY  £0 

sec.  Samples  cn  SC1-3  are  always  in  smdow  on  top 

CF  TIC  VEHICLE. 


Table  3.1 . Location  and  Identification  of  Samples 


I Sample 
j Position 
| 


Aluminized 

Kapton 

««»<*>) 


Aluminized' 

Kapton 

Aluminized 

Kapton 

K eference 
Band 

Ref,  renee^ 
Band 


!<*' 


Aluminized 

Kapton 

j Silvered 
Teflon 

Quartz 

Fabric 

Gold/ 

Aluminized 

Kapton 


Grounded  to  chassis  of  spacecraft 
CM25  mil  hole  through  sample 
^^High  gain  of  redundant  measurement 


Since  tic  chassis  of  tic  the  P78-2  will  change 

POTENTIAL  DURING  EITHER  NATURAL  OR  ARTIFICIAL 
CHARGING  EVENTS,  TWO  CF  TIC  SCl'2  POTENTIAL 
MEASUREMENTS  ARE  CF  A CONDUCTING  REFERENCE  EAND 
THAT  IS  ALWAYS  PARTIALLY  SOLAR  ILLUMINATED  (EXCEPT 
DURING  ECLIPSE).  THIS  REFERENCE  BAND  IS  DESIGfCD 
TC  MAINTAIN  A OONSTANT  AND  LCW  REFERENCE  POTENTIAL. 

CNCE  TIC  BACK  SURFACE  POTENTIALS  AND  BULK  CURRENT 
FLCWS  ARE  DETERMINED,  TIC  FRONT  SURFACE  POTENTIALS 
OF  TIC  DIELECTRICS  ARE  INFERRED  EY  MEANS  CF 
CALIBRATION  TESTS  PERFORMED  AT  TIC  NASA  LEWIS 
Research  suestorm  facility.  During  these  charging 
TESTS  WITH  ELECTRON1  EEAMS , A FRONT  SURFACE  PROBE 
RECORDED  POTENTIALS  SIMULTANEOUSLY  WITH  A 
RECORDING  OF  HC  BACK  SURFACE  POTENTIALS. 


All  MEASUREMENTS  ARE  DERIVED 
CONSISTING  OF  A SAMfLE, 


FROM  AN  ASSEMBLY 
SAMPLE  HOLDER, 
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DIRECT-MOUNTED  ELECTROSTATIC  SENSOR  FROM  MoNROE 

Electronics,  and  a bipolar  electrometer  circuit 

CAPABLE  OF  DIGITIZING  CURRENTS  FROM  10"^  TO 

10  amps.  Figure  3.1  shows  a schematic 

REPRESENTATION  CF  A TYPICAL  SAMPLE  ASSEMBLY.  IN 
ADDITION  TO  TFE  VOLTAGE  AND  CURRENT  MEASUREMENTS, 
TFE  TEMPERATURE  FRCW  EACH  MONITOR  BOARD  ASSEMELY 
IS  ALSO  RECORDED. 


Figure  3.1 . Cutaway  of  Typical  SSPM  Sample  Boar! 


A TYPICAL  DIELECTRIC  SAMPLE  HAS  A MET ALL  iZED 
BACKING  THAT  IS  GROUNDED  THROUGH  TFE  CURRENT 
MEASURING  CIRCUIT.  A 250  MIL  DIAMETER  AREA- 
ETCHED  FREE  CF  THE  METALIZATION,  IS  ALIGNED 
DIRECTLY  OVER  TIC  MONROE  ELECTROSTATIC  SENSOR  AM 
A HOLE  CF  TIC  SAME  DIAMETER,  WHICH  IS  DRI_. 
THROUGH  TFE  SAMPLE  BOARD.  THIS  SAMPLE  BOAR" 
POSITIONS  THE  MONROE  ASSEMELY  AS  WELL  AS  THE 
SAMPLE  MATERIAL. 


ALSO  RECORDED  ON  MAGNETIC  TAPE  DURING  THESE 
CALIBRATION  RUNS. 

3.3  DESCRIPTION  AND  BLOCK  DIAGRAM 

Electric  fields  between  tic  back  suic ace  of  each 

SAMRE  AND  TIC  ELECTROSTATIC  SENSOR  ARE  MODULATED 
BY  TINES  OSCILLATING  AT  700  Hz.  THIS  SIGNAL  IS 
FED  TO  TIC  INPUT  CF  A HI9f  IMPEDANCE  AMPLIFIER 
THAT  CONTAIN  A PHASE- SENSITIVE  DEMODULATOR.  THE 
AMPLITUDE  OF  TIC  SIGNAL  IS  PROPORTIONAL  TO  TIC 
INPUT  ELECTRIC  FIELD  AND  TIC  PHASE  CF  THE  AC 
SIGNAL  IS  (ELATED  TO  TIC  POLARITY  OF  TIC  ELECTRIC 
FIELD. 

Electric  currents  passing  through  each  sample  are 

COLLECTED  ON  A EACK  SURFACE  ELECTRODE  CF  KNOWN' 
AREA  AND  ROUTED  TO  THE  HIGH  IMPEDANCE  ELECTROMETER 
CKir.  :HE  SIGNAL  IS  AMPLIFIED  AND  DIGITIZED  BY 
MEANS  U A CHARGING  CAPACITOR  AND  SWITCHING 
DEVICE.  Tic  RANGE  of  frequency  from  zero  to  If/’ 
Hz  CORRESPONDS  TO  CURRENTS  CF  10"^®  TO  10"® 
AMPS  COLLECTED  ON  A SENSITIVE  AREA  CF 
APPROXIMATE  V 160  CM^.  CURRENT  POLARITY  IS 
DETERMINED  EV  A PHASE  SENSITIVE  DEMODULATOR,  AND 
IS  MAI  OTA  I FED  EY  MEANS  OF  TWO  IDENTICAL  CIRCUITS. 
ONE  FCP  POSITIVE,  THE  OTHER  FGF  NEGATIVE  CURRENT. 


By  MEANS  CF  A DIRECT  MEASUREMENT  CF  TIC  ELECTRIC 
FIELD  TC  THE  SENSITIVE  ELECTRODE  CF  THE  SENSOR, 
THE  EACK  SURFACE  POTENTIAL  IS  DERIVED.  EACH 
DEVICE  IS  CALIBRATED  BY  PLACING  A VOLTAGE 
ELECTRODE  AT  TIC  SAME  DISTANCE  FROM  TIC  SENSOR  AS 
THE  SAMPLE.  ALTHOUGH  THE  ELECTRIC  FIELD  IS  THE 
MEASURED  PARAMETER,  TIC  EACK  SURFACE  POTENTIAL  IS 
THE  RECORDED  QUANTITY.  TlC  CURRENT  CIRCUIT  IS 
CALIBRATED  EY  MEAN'S  CF  DIRECT  SIMULATION  CF  A 
KNOWN  CURRENT  SOURCE  FROM  i0"^  TC  10"®  AMPS. 

The  final  derived  quantity  is  the  front  surface 
potential.  Each  SAMPLE  AND  ASSEMELY  has  undergone 
calibration  in  ThE  NASA  Lewis  Research  u't 

SUESTORM  FACILITY  IN  CLEVELAND,  OHIO. 

DLECTP.cn  BEANE  KITH  ENERGIES  FRO  2 KEV  TO  2C  nr. 
the  front  versus  back  surfacf  potential  was 
RECORDED  DURING  CHARGING  CF  EACH  SAMPLE. 

7f£REFCRE  THE  FrCNT  SURFACE  POTENT i A^  IS  DERIVED 
EV  MEANS  CF  A SIMPLE  ANALYTICAL  FUNCTION  [n 
ADDITION,  CHARGING  PROFILES  ANT  HISTORIES  FERE 


F IGUnE  5.2  SHOWS  A ELOCK  DIAGRAM  CF  ONE  SENSOR  «VD 
ASSOCIATED  ELECTRONICS.  TfE  DATA  ARE  OETAI NED 
WITH  CIRCUITRY  ON  TTC  MONITOR  BOARD.  TlC  SIGNALS 
FRCM  SUBASSEMBLIES  ARE  ROUTED  TO  ThD  INTERFACE 
EOARD  FCR  DIGITIZING  AND  CONDITIONING.  DIGITAL 
PULSES  ARE  FED  TO  THE  SC2  DATA  SYSTEM  FOR 

ACCUMULATION  AND  ROUTING  TO  TFE  MAIN  TELEMETRY 
SYSTEM. 

3.4  OPERATIONAL  ASPECTS 

Twelve  voltage  and  18  current  channels  are 

DIGITIZED,  SENT  TO  THE  SC2~^  DATA  BOX,  AND 

COMPRESSED  INTO  12  BIT  SCALERS.  EACH  OF  TFE  TFREE 
INSTRUMENTS  HAVE  SERIAL  READOUTS  FOR  FOUR  VOLTAGE 
CHANNELS  AND  PARALLEL  READOUTS  FOR  FOUR  POSITIVE 
AND  FECATIVE  CURRENTS.  EACH  OF  TFE  FOUR  VOLTAGE 
SIGNALS  FRGM  EACH  UIIT  IS  ACCUMULATED  FOR  0.25 
SEC.  TFE  POLARITY  OF  EACH  VOLTAGE  SIGNAL  IS 
RETAIFED  IN  TFE  LEAST  SIGNIFICANT  EIT  CF  TFE 
12-bit  SCALER. 
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Figure  3.2.  SSPM  Block  Diagram 

In  ADDITION  TO  TTCSE  PRIMARY  DIGITAL  CHANNELS  FOR  CYCLED  INTO  EACH  ELECTROMETER  INPUT  WITH  A 10-SEC 

EACH  SSPM,  FOIR  ANALOG  TEMPERATURES  AND  ONE  ANALOG  PERIOD.  THIS  RESULTS  IN  A CYCLIC  PATTERN  CF 

VOLTAGE  MONITOR  ARE  SENT  DIRECTLY  TO  Tit  SATELLITE  APPROXIMATELY  700  HZ  ON  EACH  NEGATIVE  CURRENT 

ANALOG  TELEMETRY  SYSTEM.  EACH  PRIMARY  VOLTAGE  OR  OUTPUT  Lilt.  A DISCRETE  TELEMETRY  OUTPUT  LEVEL 

CURRENT  CIRCUIT  CAN  BE  COMMANDED  SEPARATELY.  A INDICATES  THAT  TI€  INSTRUMENT  IS  IN  TPE  CALIBRATE 

CURRENT  CALIBRATE  COMMAND  IS  ALSO  AVAILABLE  AND  MODE. 

UPON  RECEIPT,  APPROXIMATELY  ~7  X 10'®  AMPS  IS 

4.  SCI  VERY  LOW  FREQUENCY  WAVE  ANALYZER 

^ SCIENTIFIC  OBJECTIVES  DETERMINE  THE  RATE  AT  WHICH  DISCHARGES  OCCUR  AND 

TO  EETERMJIE  Tit  NORMAL  EMI  CHARACTER  I SI  TICS  OF  A 
Tit  VLF  Analyzer  measures  electromagnetic  spacecraft  in  tke  plasma  envirowent  at 


EMISSIONS  IN  THE  ELF,  VLF,  AND  LF  RANGES.  SYNCHRONOUS  CRBIT. 


Tit  PRIMARY  ENGIftERING  OBJECTIVE  OF  THIS 
EXPERIMENT  IS  TO  VERIFY  THAT  ELECTRICAL  DISCHARGES 
ARE  OCCURRING  t#€N  OTItR  EXPERIMENTS  MEASLRE  LARGE 
DIFFERENTIAL  POTENTIALS  BETWEEN  SPACECRAFT 

MATERIALS  AND  BETWEEN  Tit  VEHICLE  AND  Tit  SPACE 
PLASMA.  Tit  SECONDARY  ENGINEERING  OBJECTIVES  ARE 
TO  MEASURE  Tit  INTENSITY  OF  Tit  FIELDS  TO 

IS 
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Tit  PRIMARY  SCIENTIFIC  OBJECTIVE  OF  THIS 
EXPERIMENT  IS  TO  MEASURE  THE  INTENSITY  AND 
SPECTRA  OF  ELECTROMAGNETIC  AND  ELECTROSTATIC 
EMISSIONS  BY  Tit  ENERGETIC  PARTICLES  IN  TIE 
MAGNETOS  IHERE  OUTSIIE  OF  HE  PLASMA  SPHERE.  TltSE 
DATA  WILL  BE  USED  TO  MODEL  Tit  DYNAMICS  CF  THE 
RADIATION  BELT  PARTICLES  IN  THIS  REGION  OF  THE 


MAGNETOSPHERE.  I HE  SECONDARY  SCIENTIFIC  OBJECTIVE 
IS  TC  INVESTIGATE  WAVE~PARTICOE  INTERACTION  AND 
hHISTLER-MCDE  PROPAGATION  IN  THE  OUTER 
MAGNETOSPHERE.  TlC  APPROACH  IS  TO  USE  A 
HIGH-PCNER,  GROUND-BASED,  VLF  TRANSMITTER  TO 
COUPLE  INTO  TIC  MAGNETOSPHERE  WHISTLER-MODE  WAVES 
OF  KNCWK  FRECUENCY,  PULSE  DURATION,  RADIATED 
AMPLITUDE,  AND  PHASE.  TlC  TVLF  TRANSMITTER  SYSTEM 
WILL  BE  INSTALLED  NEAR  STRAND-  NORWAY.  The 
ANTENNA  WILL  EE  AN  EXISTING  30'KM  LCNG  60-|<V  POWER 
liic.  At  geosynchronous  orbit  (L*  6.6)  the 

ELECTRON  GYROFREQUENCY  IS  APPROXIMATELY  3 kHz. 
The  TRANSMITTER  IS  CAPABLE  OF  DELIVERING  100  KW  TO 
A MATCHED  LOAD  OVER  A FREQUENCY  RANGE  FROM  1 kHz 

to  30  kHz.  For  this  experiment  it  will  operate 
BETWEEN  1 AND  5 kHz.  TlC  PRIMARY  WAVE  RECEIVERS 
WILL  BE  THE  VLF  ANALYZER  ON  P78~2  AND  THE  S“300 
EXPERIMENT  ON  TIC  GEOS  SATELLITE. 

4.2  MEASURING  TECHNIQUE 


Tie  EXPERIMENT  EMPLOYS  TWO  ANTENNAS  TO  EETECT  TPE 
ELECTROMAGNETIC  AND  ELECTROSTATIC  EMISSIONS.  An 
AIR-CORE  LOOP  ANTENNA  EETECTS  T>£  MAGNETIC 
COMPONENT  OF  TIC  WAVES  AND  A 100-M  TIP-TCTTIP 
DIPOLE  ANTENNA,  DESIGNATED  SC10~ 2,  3 AND  DESCRIBED 
in  Section  17,  detects  tic  electric  component. 
Tic  over-all  sensitivity  of  tic  electric  field 
RECEIVER  IS  5 X Kf7  V/M  1HZ  AT  1.3  kHz  AND 
IQ'7  V/m  JHz  at  10.5  kHz. 


Tic  air-core  loop  is  electrostatically  -shielded 
AND  HAS  AN'  EFFECTIVE  AREA  OF  575  SGM  AT  1.3  kHz. 
It  IS  constructed  of  1530  turns  of  36  AkG  copper 

WIRE  ON  A FORM  50  CM  IN  DIAMETER.  THE  ANTENNA  IS 
A BOOM  MOUNTED  LOOP  2 M FROM  THE  SPACECRAFT.  TtC 
FREQUENCY  RESPONSE  OF  TIC  LOOP  ANTENNA  AND  LOW 
PASS  FILTER  IS  SHOWN  IN  FIGURE  4.1.  TlC  OVERALL 
SENSITIVITY  OF  TPC  RECEIVER  IS  3 X lO^Y/JHz  AT 

1.3  kHz.  Tic  dynamic  range  is  60  dB. 


4.3  FUNCTIONAL  BLOCK  DIAGRAM 

A SCHEMATIC  OF  THE  FUNCTIONAL  BLOCK  tlAGRAM  IS 

shown  in  Figure  4.2. 


Figure  4.2.  VLF  Frequency  Wave  Analyzer 
Block  Diagram 


4.4  OPERATIONAL  ASPECTS 

Tic  VLF  Analyzer  has  eight  pulsed  cmwNDS  to 

CONTROL  TPC  OPERATION  CF  TPC  EXPERIMENT  AS  FOLLOWS: 

1)  Selection  of  tic  broadband  output 

mode-CFF/3kHz/5kHz 


Figure  4.1.  Frequency  Response  of  the  Loop  Antenna 
and  Low  Pass  Filter 


2)  Selection  of  tic  antenna  signal  to 

BE  AN4LYZED-EL£CTRIO'MGf£T[C/ 

AUTOMATIC  SWITCHING  AT  16  INTERVALS 

3)  Selection  cf  the  Calibrate  mode-CN/CFF 

4)  Selection  cf  tic  narrowband  filter 

mode-ON/OF 
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If€  PRIMARY  ON-ORBIT  OPERATION  WILL  BE  Tf€ 
NAakCKEAND  filter  MULE  providing  tape  recorded 
DATA  WITH  TT£  ANTENNAS  SWITCHING.  BROADBAND  DATA 
CAN  EE  OBTAINED  AT  FOUR  PERIODS  APPROXIMATELY 


CENTERED  AT  M1ENIGHT,  DAWN/  NOON,  AND  DUSK.  Th£SE 
DATA  CAN'  OM.Y  HE  COLLECTED  IN  REALTIME.  Oft  HOUR 
PER  DAY  IS  ALLOCATED  TO  THIS  EtfERIMENT  WITH  A 
MINIMIM  BROADBAND  ACQUISITION  TIME  OF  20  MIN/OREIT. 


5.  SCI  RADIO  FREQUENCY  ELECTROMAGNETIC  WAVE 

ANALYZER 


5.1  SCIENTIFIC  OBJECTIVES 

The  RF  Analyser  peasures  electromagnetic  emissions 
in  the  frequency  range  from  2 MHz  to  TO  MHz. 

The  primary  objective  of  this  payload  is  to  verify 

THAT  ELECTRICAL  DISCHARGES  ARE  OCCURRING  WHEN 
OTHER  INSTRUPENTS  PEASURE  LARGE  DIFFERENTIAL 
CHARGING  LEVELS  ON  THE  THE  SPACE  VEHICLE 
SURFACES.  For  THIS  PURPOSE  IT  WILL  PEASURE  THE 
NUMBER  OF  PULSES  AND  THE  SPECTRAL  ENVELOPE  IN  THE 
RF  FREQUENCY  (INTEGRATED  OVER  MANY  PULSES).  THE 
SECONDARY  OBJECTIVE  IS  TO  MEASURE  THE  NORMAL  EM1 
FNVIRONPENT  OF  THE  SPACE  VEHICLE  IN  THE  PLASMA 
ENVIRONMENT  AT  SYNCHRONOUS  ORBIT. 

5.2  MEASURING  TECHNIQUE 

The  RF  analyzer  epploys  two  antennas  for  the 
MEASUREMENTS:  AN  EXTENDIBLE  100-PI  TlP-TCrTIP 

DIPOLE  PROVIDED  BY  THE  OcDDARD  SPACE  FLIGHT  CENTER 
FOR  THE  !T  FIELD  EXPERIMENT  AND  A 1.5-pl  MONOPOLE 
ALONG  A BOOM  THAT  IS  DEPLOYED  PERPENDICULAR  TO  THE 
SPIN  AXIS  OF  THE  VEHICLE. 

The  ANALYZER  CAN  BE  OPERATED  IN  BOTH  A SWEPT  OR  A 
FIXED  FREQUENCY  NODE.  The  DESIGN  INCLUDES  FIVE 
FREQUENCY  BANDS,  TWO  SWEEP  RATES  FOR  EACH  BAND, 
AND  TWO  DETECTION  BANDWIDTHS.  THE  DETAILS  ARE 

specified  in  Table  5.1.  The  applitude  (peak 
detection)  is  sappled  R00  tipes  per  second,  con- 
verted TO  AN  3-BITDIGITAL  FORMAT  (ONE  BIT  IS  A 
SYNC  BIT)  AND  TELEMETERED  ON  A SPECIAL  PURPOSE  3 

kMz  broadband  data  channel.  During  tape  recorder 

ONLY  OPERATIONS,  THE  APPLITUDE  IS  SAPPLED  EIGHT 
TIMES  PER  SECOND.  0»LY  FIXED  FREQUENCY  OPERATION 
WILL  TAKE  PLACE  IN  THIS  MODE. 

5.3  FUNCTIONAL  BLOCK  DIAGRAM 

A SCHEMATIC  OF  THE  RF  ANALYZER  IS  SHOWN  IN  CIGURE 

5.1. 


Table  5.1  RF  Analyzer  Specifications 


1 

Frequent y Coverage  iMIlil 

1 

1. 44-  >.  5,  1.  >7-6.  A,  * 7 A 10  0.  4 • 18.0. 

17  5.  10.0 

Sensitivity 

Lea  a than  - 1 10  dlim  lor  10  dR 

S • N/N  for  a CW  aignal 

Ov>  rail  Audio  Rnponii 

Wide.  4 4 kill  at  A dB  down,  II  0 kltr 
at  10  dB  down 

Narrow;  860  Hr  at  t.  dB  down.  2.  t kllr 
at  10  dB  down 

Overall  Gain 

l.eaa  than  I hV  input  for  1 V output 

Harmonic  Distortion 

2nd  harmonic  mt.r.ept  • 10  dBrr. 

'rd  harmonic  inter,  epi  - I-  dBri. 

Inter  modulation  Di  a tort  ion 

2nd  order  intercept  • 8 dBm 
'rd  order  interc  ept  0 dBm 

Image  Rc|e<  lion 

60  dB 

IF  Rejerttun 

60  dB 

Inte  rnally  C.en.  rated  Sy  .t  >« 

1 yV 

Frequency  Toleranr e 

-l*’  ppm 
-55  to  * 105*  C 

Tuning  Rate 

Slow  Fa  at 

Band  1 16  arc  1.5  *r< 

Band  2 12  t. A 

Band  ' 46  4.0 

Band  4 40  lr*  0 

BandA  t 1 H 21.5 

Sweep  Accuracy 

Within  10  kHr  alter  calibration  si 
nearest  i Milt  marker 

IFF  requent tea 

1 2‘2.  ‘.005.  8.0  MHr 

Antenna  Input  Impedan.  • 

50  k ohms 

Temperature  Range 

20*  C to  * 50*  C 

power  Requirement 

28  VDC  at  0.  58  amp  max 

20  VDC  at  0.65  amp  max 

Dimensions 

<»  in.  W * 5 in.  H>  10  2 in.  D 

i Net  Weight 

8.4  lb 

5.4  OPERATIONAL  ASPECTS 

The  RF  analyzer  is  commanded  by  a 22-bit  serial 

DIGITAL  COPMAND  AND  10  PULSED  COPLANDS.  The 
DIGITAL  COPMAND  SELECTS  THE  BANDS  TO  BF  SWEPT,  THE 
SWEEP  RATE,  OR  THE  FIXED  FREQUENCY  FOR  THAT  MODE 
OF  OPERATION.  The  PULSED  COPLANDS  SELECT  THE 
ANTENNA,  3ANEWIDTH,  GAIN,  CALIBRATION  SIGNAL,  AND 
BROADBAND  OPERATIONAL  MODE. 

The  ON-ORBIT  OPERATION  WILL  BE  BASED  ON  SCHEDULED 
COPMANDS  (TO  BE  DETERMINED  AFTER  THE  TIPES  cOR 
SATELLITE  DATA  ACQUISITION  FOR  A WEEK  ARE 
SCHEDULED). 


n 
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6.  SCI  TRANSIENT  PULSE  SHAPE  ANALYZER 

AUTOMATICALLY  THROUGH  THE  SELECTED  SENSCKS 
MONITORING  EACH  IN  TURN  FOR  16  SEC,  IHE 
FUNCTIONAL  5L0CK  DIAGRAM  IS  SHCWN  IN  FIGURE  6.1. 

When  a signal  exceeds  a comaandable  threshold  its 

ANPLITUDE  IS  SAMPLED  AT  16  POINTS  TO  IBASURE  THE 
PULSE  SHAPE.  The  16  SABLES  may  BE  SPACED 
LOGARITHMICALLY  OR  LINEARLY  IN  TIME.  The 
LOGARITHMIC  SPACING  COVERS  THE  RANGE  FROM  7 NSEC 

to  492 //sec.  The  linear  spacing  is  commandable 
with  following  options:  0.15,  0.16,  0.24,  1.0, 
3.8,  30,  and  250/xsec.  The  amplitude  is  measured 
BY  A BANK  OF  24  DISCRIMINATORS,  12  POSITIVE  AND  12 
NEGATIVE.  THE  TOTAL  RANGE  IS  3 mV  TO  1.8  V.  The 
SIGNAL  FROM  EACH  SENSOR  CAN  BE  ATTENUATED  BY 
COMMAND  TO  PLACE  IT  WITHIN  RANGE.  THERE  ARE  SIX 
ATTENUATION  SETTINGS  THAT  SELECT  IBASUREfBNT 
RANGES  FROM  3 tN  TO  1.84  V AT  MINIMUM  ATTENUATION 
TO  3.46  V TO  1910  V AT  MAXIMUM  ATTENUATION.  The 
THRESHOLD  IS  COUPLED  TO  THE  ATTENUATION  SETTING. 

The  attenuation,  threshold,  and  sailing  interval 

CAN  BE  INDEPENDENTLY  CONMANDED  FOR  EACH  SENSOR. 

The  number  of  pulses  per  second  above  four 

SELECTABLE  THRESHOLDS  IS  ALSO  MEASURED.  THREE  OF 


6.1  SCIENTIFIC  OBJECTIVES 

The  Pulse  Shape  Analyeer  measures  the  shape  of 

ELECTROMAGNETIC  PULSES  IN  THE  TUB  DOMAIN  FROM  7 
NSEC  TO  5.  7 MSEC . 

The  primary  objective  of  this  experiibnt  is  to 

VERIFY  THAT  ELECTRICAL  DISCHARGES  ARE  OCCURRING 
WHEN  OTHER  INSTRUCTS  MEASURE  LARGE  DIFFERENTIAL 
CHARGING  LEVELS  ON  SPACE  VEHICLE  SURFACES.  THE 
PULSE  .WL I TUDES  AND  SHAPES  PRODUCED  BY  SUCH 
ELECTRICAL  DISCHARGES  WILL  BE  MEASURED  ON  FOUR 
SENSORS. 

6.2  MEASURING  TECHNIQUE 

The  pulse  analyses  are  made  on  four  sensors:  (1)a 

LOOP  ANTENNA  AROUND  ONE  OF  THE  TWO  REDUNDANT  SPACE 

vehicle  Command  Distribution  Units,  (2)  a wire 

ALONG  THE  OUTSIDE  OF  A "TYPICAL"  SPACE  VEHICLE 
CABLE  BUNDLE,  (3)  AN  EXTERNAL  SHORT  DIPOLE 
ANTENNA  AT  THE  END  OF  A 2"M  BOOM,  AND  (4)  A 
DIGITAL  COMMAND  LINE  FROM  THE  COMMAND  DISTRIBUTION 

unit  to  the  Pulse  Shape  Analyeer. 


6.3  FUNCTIONAL  BLOCK  DIAGRAM  ™E  THRESHOLDS  ARE  DETERMI AED  BY  THE  ATTENUATION 

_ SELECTION,  THE  FOURTH  IS  THE  PULSE  ANALYSIS 

The  SIGNAL  PROCESSOR  MAY  BE  SWITCHED  BY  COMAAND  TO 

, THRESHOLD. 

ANY  OF  THE  FOUR  SENSORS.  'T  THEN  STEPS 
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Figure  6 1.  SCI  8B  Pulse  Analyzer  Simplified  Block  Diagram 

The  instrument  is  commanded  by  a 22-bit  serial  Initial  measurements  will  be  made  with  the 

MAGNITUDE  COWAND  OF  WHICH  ONLY  THE  SEVEN  LEAST  LOGARITHMIC  SAMPLE  SPACING.  LATER  LINEAR  SPACING 
SIGNIFICANT  BITS  ARE  USED.  WILL  BE  USED  IF  TYPICAL  PULSES  PROVE  TO  BE  VERY 

_ , _______  SHORT  (<100  NSEC)  OR  VERY  LONG  (>200iLSEC>. 

A A DPFRAT  ONA  ARPFPT5  ' 


6.4  OPERATIONAL  ASPECTS  

In  its  normal  mode  of  operation  the  instrument  Inflight  verification  of  the  calibration  is 

STEPS  THROUGH  EACH  OF  THE  FOUR  SENSORS  MONITORING  ACCOMPLISH  BY  SENDING  SERIAL  MAGNITUDE  COWANDS 
EACH  FOR  ’6  SEC  IN  SEQUENCE.  THE  THRESHOLDS  AND  FROM  THE  CoWAND  DISTRIBUTION  UNIT  TO  THE  SERIAL 
ATTENUATIONS  FOR  EACH  SENSOR  WILL  BE  DETERMINED  BY  MAGNITUDE  COWAND  SENSOR. 

EXPERIENCE  ON  ORBIT. 

7.  SC2  SHEATH  ELECTRIC  FIELDS 


7.1  SCIENTIFIC  OBJECTIVES 

This  experiment  is  intended  to  provide  the 

ELECTRON  AND  ION  DISTRIBUTION  FUNCTIONS.  OVER  A 
LIMITED  ENERGY  RANGE.  AT  THREE  POSITIONS  IN  THE 
SPACECRAFT  PLASMA  SHEATH.  THE  EXPERIMENT  ALSO 

measures  the  floating  potential  of  two  AGUA-DW) 

(COLLOIDAL  GRAPHITE)  COATED  SPHERICAL  PROBES 
RELATIVE  TO  THE  SPACECRAFT  GROUND  OVER  A LARGE 

dynamic  range.  The  spherical  probes  can  be  biased 
relative  to  the  spacecraft  upon  ground  command. 
The  current  to  one  of  the  biased  probes  is  also 
measured.  The  biased  probes  modify  the  particle 


distribution  measured  at  the  probe  and  in  their 
vicinity.  The  aims  of  the  experiment  are  to 

OBTAIN  INSIGHT  INTO  THE  CHARACTERISTICS  OF 
SPACECRAFT  SHEATH  FIELDS,  TO  OBSERVE  THE  EFFECTS 
OF  PARTICLES  THAT  COMPRISE  THE  ENERGETIC  PLASMA 
NEAR  A SPACECRAFT,  TO  OBSERVE  THE  POTENTIAL  THAT  A 
RELATIVELY  SIMPLE  GEOMETRICAL  SHAPE  (A  SPHERE) 
ATTAINS  IN  THE  PLASMA  ENVIRONMENT  BOTH  IN  SUNLIGHT 
AND  IN  SHADOW,  AND  TO  MONITOR  THE  INFLUENCE  THAT 
THE  SPACECRAFT  ITSELF  HAS  ON  THE  FINAL  POTENTIAL 
THAT  SUCH  SIMPLE  OBJECTS  ATTAIN.  THESE 
OBSERVATIONS  WILL  BE  COMPARED  WITH  THE  RESULTS  OF 
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OTHER  MORE  COMPREHENSIVE  PLASMA  MEASUREMENTS 
ABOARD  THE  SPACECRAFT  TO  OBTAIN  NEW  INSIGHTS 
CONCERNING  THE  PLASM  SHEATHS  THAT  FORM  AROUND 
OBJECTS  IN  HOT  DILUTE  PLASMS  BOTH  IN  THE  PRESENCE 
AND  ABSENCE  OF  PHOTO  ILLUMINATI  ON.  THE  OBSERVATIONS 
WILL  BE  USED  AS  TEST  DATA  FOR  THE  VALIDATION  OF 
SPACECRAFT-PLASM  INTERACTION  MODELS  THAT  ARE 
BEING  DEVELOPED. 


Figure  7.1  Spacecraft  and  Boom  Geometry 


DEG  ONTO  SPIRALTRON  CHANNEL  ELECTRON  MULTIPLIERS 
WHERE  THEY  ARE  DETECTED.  The  CENTER  ANALYZER 
PLATE  IS  BIASED  FROM-0.0  TO  +1600  V,  WHILE  THE 
TWO  OUTSIDE  PLATES  ARE  SIMULTANEOUSLY  BIASED 
FROM  -0.0  TO  -1600  V BY  A PROGRAWER  AS  SHOWN 
SCHEMTICALLY  IN  FIGURE  7.2.  THE  IONS  ARE  POST 
ACCELERATED  BY  "1600  V BEFORE  IMPINGING  ON  THE  ION 
DETECTOR  TO  INCREASE  THE  DETECTION  EFFICIENCY. 

The  electrons  are  not  post  accelerated.  The 

ANLAYZER  COLLIMTER  AND  SERRATED  PLATES  ARE  COATED 
WITH  "GOLD  BLACK"  TO  REDUCE  THE  ULTRAVIOLET 
RESPONSE  OF  THE  SYSTEM.  The  THREE  UNITS  ARE  AS 
NEARLY  IDENTICAL  AS  POSSIBLE  MECHANICALLY  AND 
ELECTRICALLY.  The  ANGULAR  RESPONSE  OF  THE  UNITS 
(FW  AT  10%  MAXIMUM  RESPONSE)  ARE  APPROX  I MTELY  9 
AND  7 DEG  FOR  THE  ELECTRONS  AND  16  AND  9 DEG  FOR 
THE  IONS  IN  PLANES  PARALLEL  AND  PERPENDICULAR. 
RESPECTIVELY,  TO  THE  SPACECRAFT  SPIN  AXIS.  THEY 
HAVE  GEOMETRIC  FACTORS  OF~l,7  X 10^  CM?  STER 
FOR  ELECTRONS  AND -6.7  X 10"^  C!^  STER  FOR 

ions.  The  energy  resolutions  areAE'E  =~0.09  for 
ELECTRON  ANdAF/E  = 0.19  FOR  IONS. 


7 2 MEASURING  TECHNIQUE 


The  experiment  consists  of  three  miniature 

ELECTROSTATIC  ANALYZERS,  WHICH  MEASURE  THE  FLUXES 
OF  ELECTRONS  AND  IONS  OVER  A LIMITED  RANGE  OF 
ENERGIES  AS  SHOWN  IN  TABLE  7.1.  Two  OF  THE 
ANALYZERS  ARE  EACH  ENCLOSED  WITHIN  BOOM- MOUNTED 
SPHERICAL  PROBES  Aid  THE  THIRD  IS  MOUNTED  BEHIND 
THE  CENTER  BAND  ON  THE  SPACECRAFT.  THE  BOOMS  ARE 
190  DEG  APART  AND  ARE  MOUNTED  NEAR  THE  CENTERLINE 
OF  THE  VEHICLE.  THE  RELATIVE  GEOMETR I ES  OF  THE 
SPACECRAFT  AND  BOOMS  ARE  SHOWN  SCHEMTICALLY  IN 

Figures  2.2  and  7.1.  The  fields  of  view  of  the 

ANALYZERS  ARE  PARALLEL  TO  EACH  OTHER  AND  TO  THE 
FIELD  OF  VIEW  OF  THE  ENERGETIC  PROTON  DETECTOR, 
WHICH  IS  DESCRIBED  IN  SECTION  9. 


Table  7 1 SC2  Electrostatic  Analyser  Energies 


mule  Lnei 


8200 


10500 


18600 


4660 


5«>60 

14000 


2650 


SPIRAITRON/^  DfUCTDRS 


Return  to  zero 


Each  electrostatic  analyzer  consists  of  three 

CONCENTRIC  CYLINDRICAL  PLATES  THAT  DEFLECT  THE 
PARTICLES  OF  PROPER  ENERGY  PER  CHARGE  THROUGH  127 


Figure  7.2  Schematic  Diagram  of  ESA 
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The  spherical  probes  containing  the  electrostatic 

ANALYZERS  ARE -17.8  CM  IN  DIAPETER.  THE  BOOMS  ON 
WCH  THEY  ARE  MOUNTED  ON  ARE  2.5)  CM  DIA  FOR  THE 
FIRST  38  CM  AND  HAVE  A SHADOW  STUB  OF  THE  SAA€  DIA 

and  25.4  cm  long  (see  Figure  7.1).  The  spheres, 
THE  SHADOW  STUB,  AND  THE  2.54  CM  DIA  BOOM  SECTIONS 
ARE  COATED  WITH  AQUA-QAl'i.  The  SPHERICAL  PROBES 
CONTAIN  ALL  ELECTRONICS  fCCESSARY  TO  SUPPORT  THE 
ELECTROSTATIC  ANALYZERS,  PLUS  THOSE  NECESSARY  TO 
PROVIDE  BIAS  VOLTAGES  FOR  THE  PROBES  AND  TO 
MEASURE  TOE  POTENTIAL  BETWEEN  THE  PROBES  AND  THE 
SPACECRAFT  FRAPE.  ONE  PROBE,  SC2-1,  ALSO  CONTAINS 
A DIGITAL  ELECTROMETER  FOR  MEASURING  THE  CURRENT 
TO  THE  PROBE  WHEN  IT  IS  BIASED. 

The  probe  voltage  measurement  is  a null 
I'EASUREPENT.  A SfHERICAL  FARADAY  CAGE,  WHICH 
SURROUNDS  ALL  THE  ELECTRONICS  AND  THE  PARTICLE 
ANALYZER,  IS  BIASED  RELATIVE  TO  THE  SPACECRAFT 
FRAME.  THE  VOLTAGE  DIFFERENCE  BETWEEN  THIS 
FARADAY  CAGE  AND  THE  PROBE  SURFACE  IS  SENSED  AND 
CONTROLLED  IN  A "FOLLOWER  CIRCUIT"  SO  THAT  IT  IS 
LESS  THAN  ABOUT  0.01  PERCENT  OF  THE  PROBE  VOLTAGE 
RELATIVE  TO  THE  SPACECRAFT.  THE  SMALLEST  COPMON 
MODE  VOLTAGE  PEASURABLE  IN  THIS  MANNER  IS<± 
10  - V AND  THE  LARGEST  IS  ~±  700  V.  If  TOE 
PROBE  VOLTAGE  SHOULD  ATTEPPT  TO  EXCEED  THIS 
MAXIMUM  RANGE,  TOE  CIRCUITRY  CHANGES  IPPEDANCE  TO 
LIMIT  THE  VOLTAGE  THE  PROBES  CAN  ATTAIN.  In  THE 
BIASED  PCDE  THE  PROBES  CAN  BE  STEPPED  THROUGH 
SEVERAL  BIAS  PROGRAMS  WITH  THE  TWO  MAJOR  ONES 
COVERING  TOE  APPROXIMATE  RANGES  0 10 ±20  V AND  0 
TO  ± 450  V IN  32  QUASI  "LOGARITHMICALLY  SPACED 
STEPS  AS  SHOWN  IN  TABLE  7.2. 

The  interior  of  one  of  the  spherical  probes  is 
shown  schematically  in  Figure  7.3.  The  case  of 

THE  ELECTROSTATIC  ANALYZER  AND  ALL  ITS  CIRCUITRY 
IS  ELECTRICALLY  REFERENCED  TO  TOE  FARADAY  SHIELD, 
THUS  THE  PARTICLES  ARE  NOT  PREACCELERATED  BETWEEN 
TOE  PROBE  SURFACE  AND  TOE  ANALYZER.  To  OBTAIN  TOE 
ACTUAL  PARTICLE  ENERGY  MEASURED,  ONE  MUST  ACCOUNT 
FOR  TOE  PROBE  VOLTAGE. 

7.3  FUNCTIONAL  BLOCK  DIAGRAM 

The  eata  flcw  through  toe  Sheath  Electric  Field 

EXPERIMENT  (SC2)  IS  COPPLICATED  AND  SEVERAL 
DIAGRAMS  ARE  REQUIRED  TO  REPRESENT  IT.  FIGURE  7.4 
CHOWS  THE  RELATIONSHIP  BETWEEN  THE  SC2 


Table  7.2.  Probe  Bias  Programs’ 
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"step 

sequence  indicates  the  orde 

in  which  the  biases  are 

applied,  there 

are  32  steps  (0-31)  in  Programs  1 

and  2,  6 

steps 

(0-5)  in  Program  3 and  2 steps  in  Program  4. 

Figure  7.3.  Spherical  Probe  Schematic 
EXPERIMENTS,  TOE  SSPM  (Ref.  SECTION  3),  AND  TOE 
SPACECRAFT.  THE  DATA  SYSTEM  THAT  IS  CONTAINED  IN 
UNIT  SC2-4  IS  TOE  DIGITAL  INTERFACE  FOR  ALL  TOE 
SSTf*!  UNITS  AND  IS  THE  COMPLETE  INTERFACE  FOR  ALL 
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Figure  7 4.  Relationship  Between  SCI  and  SC2 

THE  SC2  UNITS  WITH  THE  SPACECRAFT.  THE  DETAILS  OF 
THIS  INTERFACE  ARE  SHOWN  IN  GREATER  DETAIL  IN 

Figure  7.5. 


Figure  7.5.  SC2  Data  System  Block  Diagram 


The  data  system  serves  several  purposes.  It  circuitry,  and  a multiplexer  for  feeding  the 

PASSES  POWER  THROUGH  FROM  THE  SPACECRAFT  TO  THE  SYNCHRONOUS  SENSOR  DATA,  COPMAND  VERIFICATION 

INDIVIDUAL  SENSORS  AS  SHOWN  IN  THE  BOTTOM  OF  DATA,  AND  SYNC  WORDS  TO  THE  SPACECRAFT.  THE 

Figure  7.5  It  also  passes  the  analog  sensor  outputs  are  wired  to  the  appropriate 

HOUSEKEEPING  DATA  FROM  THE  SENSORS  TO  THE  SUBSYSTEM  CIRCUITS  WITH  THE  RELATIONSHIPS  SHOWN 

SPACECRAFT.  THE  DATA  SYSTEM  ALSO  CONTAINS  THE  SCHEMATICALLY  IN  FIGURE  7.5.  THE  CONTENTS  OF 

MAIN  POWER  SUPPLY  FOR  THE  SPHERICAL  PROBES  SC2"1  SEVERAL  OF  THE  TELEMETRY  BYTES  ARE  CONTROLLED  BY 

and  SC2-2.  The  referenced  supply  is  a dual  the  digital  copmands  from  the  spacecraft, 

supply.  The  separate  inverter  circuits  each 

provide  25  kHz-50  VPP  power  for  one  of  the  The  spacecraft  command  is  effectively  8 bits  long 

spherical  probes.  The  AC  power  is  routed  inside  with  the  two  'JSB  being  the  sensor  address  and  the 

THE  PROBES  VIA  REED  RELAYS  THAT  ARE  ACTUATED  BY  SIX  MSB  BEING  THE  COPMAND  FOR  THAT  ADDRESS  AS 

the  SC2-1  and  SC2-2  28  '/DC  enable  power  lines,  shown  in  Figure  7.6.  The  received  commands  are 

REFERENCE  BOTTOM  OF  FIGURE  7.5.  STORED,  BY  ADDRESS,  IN  REGISTERS  IN  THE 

APPROPRIATE  SUBSYSTEM  (A  OR  B).  THE  COPMANDS  ARE 
The  logic  functions  of  the  data  system  ARE  split  DISPLAYED  in  the  telemetry  output  for  verification 

INTO  TWO  INDEPENDENT  SUBSYSTEMS,  A AND  B.  EACH  WITHIN  THREE  SECONDS  AFTER  THEY  ARE  RECEIVED.  THE 

SUBSYSTEM  HAS  ITS  OWN  POWER  SUPPLY  AND  RECEIVES  DATA  SYSTEM  LOGIC  SETS  UP  THE  SENSOR  PROGRAM  AND 


DATA,  AND  SYNC  WORDS  TO  THE  SPACECRAFT.  I HE 
SENSOR  OUTPUTS  ARE  WIRED  TO  THE  APPROPRIATE 
SUBSYSTEM  CIRCUITS  WITH  THE  RELATIONSHIPS  SHOWN 
SCHEMATICALLY  IN  FIGURE  7.5.  THE  CONTENTS  OF 
SEVERAL  OF  THE  TELEMETRY  BYTES  ARE  CONTROLLED  BY 
THE  DIGITAL  COPMANDS  FROM  THE  SPACECRAFT. 


The  spacecraft  command  is  effectively  8 bits  long 

WITH  THE  TWO  '-SB  BEING  THE  SENSOR  ADDRESS  AND  THE 
SIX  MSB  BEING  THE  COMMAND  FOR  THAT  ADDRESS  AS 

shown  in  Figure  7.6.  The  received  commands  are 

STORED,  BY  ADDRESS,  IN  REGISTERS  IN  THE 
APPROPRIATE  SUBSYSTEM  (A  OR  B).  THE  COPMANDS  ARE 
DISPLAYED  IN  THE  TELEMETRY  OUTPUT  FOR  VERIFICATION 
WITHIN  THREE  SECONDS  AFTER  THEY  ARE  RECEIVED.  THE 


POWER  ON  SEPARATE  LINES  FROM  THE  SPACECRAFT. 

Within  each  subsystem  is  a command  decoder  for 

PROCESSING  THE  22'BIT  DIGITAL  COPMANDS  FROM  THE 
SPACECRAFT,  A SYSTEM  OF  CONTROL  LOGIC  AND  SYNC 


SENDS  COPMANDS  TO  THE  SENSORS  TO  EXECUTE  THE  FIRST 
STEP  OF  THE  PROGRAM  IMMEDIATELY,  THIS  FIRST  STEP 
IS  CONTINUOUSLY  EXECUTED  UNTIL  THE  NEXT  1/16  Hz 
CLOCK  PULSE  IS  RECEIVED,  AT  WHICH  TIPE  THE  PROGRAM 
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. 


EXECUTION  PROCEEDS  IN  SYNCHRONIZATION  WITH  THE 
SPACECRAFT.  THE  SYNCHRONIZATION  IS  EVIDENCED  BY 
THE  SYNT  BYTES  IN  THE  "PI  STREAM  FOR  EACH  SENSOR. 


DATA  FOR  THE  SC2~1  AND  SC2~2  ARE  TRANSMITTED 
ACROSS  HIGH  VOLTAGE  ISOLATION  USING  TRANSFORMERS. 

The  SC2-3  is  not  isolated. 


COMMAND  AS  RECEIVED  FROM  S t 

U 0 B>is mJ 
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STEP  PROGRAMS  1 AND  3 EXECUTED  IN  SEQUENCE.  8 STEPS  ser 

STEP  PROGRAM  1 ONI Y.  8 STEPS  set 

STEP  PROGRAM  ? ONLY.  8 STEPS  sec 

STEP  PROGRAM  3 ONI V El  STEPS  sec 

STEP  PROGRAMS  1 ANO  . EXECUTED  IN  SEQUENCE.  8 STEPS  sec 

STEP  PROGRAMS  1ANO  1 E XECUTED  iN  SEQUENCE  8 STEPS  sec 

S'EP  PROGRAMS.  . AND  I E XECUUG  >N  SEQUENCE  8 STEPS sk 

l MANGE  AIL  STEP  RATES  TO  64  sec  STEP 

DETECTOR  BIAS  BOOST  No  I ON 

DETECTOR  BIAS  BOOST  No?  UN 


’The  SC?1  .’and  i ESAs  nave  the  same  command  structure 


PROBE  LOGIC  COMMAND  STRUCTURE  'address  0D> 
6 BITS 


’6543? 
300000 
100001 
D00010 
D00 100 
D01010 
DO  1 TOO 
010010 
'Mm 


sc?  an  count  t 

H GATING  SC?  T -PROBE  VOLTAGE  MEASUREMENT  Of  FAULT  MODE 
ELECTROMETER  CALIBRATION  REAL  TIME  COMMANDED 
PROBE  BIAS  PROGRAM  1 HIGH  RANGE  3 STEPSser  REAL  TIME  INITIATION* 
PROBE  BIAS  PROGRAM  ? LOW  RANGE  8 STEPS  sec  REAL  TIME  INITIATION 
pHudf  BIAS  PROGRAM  1 HIGH  RANGE  84  sec  SUP  HEAL  TIME  INITIATION 
PROBE  BIAS  PROGRAM  ? LOW  RANGE  64  sec  STEP  REA:  TIME  INITIATION 
PROBE  BIAS  PROGRAM  3 6 STEPS  51?  see  STEP  REAL  TIME  INITIATION 
PROBE  BIAS  PROGRAM  4 ? STEPS  51? see  $Tf P REAL  TIME  INITIATION 


*Can  be  initialed  in  real  lime  with  automatic  shut  off  after  - 1 hour 
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t Default  mode  is  the  state  logic  will  be  m when  oower  is  applied  to  SC?  4A  and  SC?  4B 
prior  to  commanding  and  after  any  power  interruptions 

Figure  7.6.  SC  Magnitude  Commands 


The  functional  diagram  for  a representative 
ELECTROSTATIC  ANALYZER  IS  SHOWN  IN  FIGURE  7.7. 

This  diagram  represents  the  SC2-1  and  SC2-2  ESAs 

IN  THE  SPHERICAL  PROBES. 


The  ion  and  electron  detectors  are  followed  by 

CHARGE-SENSITIVE  PREAMPLIFIERS,  PULSE  AMPLIFIERS/ 
DISCRIMINATORS#  AND  ONE'SHOTS.  THE  OUTPUTS  OF  THE 
ONE-SHOTS  FOR  SCH  AND  SC2-2  ESAs  ARE  TRANSMITTED 
DOWN  THE  BOOM  VIA  2 KV  ISOLATION  TRANSFORMERS. 

All  commamds,  power  (except  for  relay  power),  and 


There  are  four  independent  high  voltage  supplies 

AM)  Oft  LOW  VOLTAGE  SUPPLY  FOR  EACH  ESA.  ANY 
SINGLE  SUPPLY  CAN  FAIL  WITHOUT  DAMAGING  ANY  OF  THE 
OTHERS  OR  BY  "PULLING  DOWN"  THE  25  kHz  POWER 
limes.  Since  the  ESA  is  enabled  separately,  if 

MULTIPLE  FAILURES  OCCUR  THE  ESA  CAN  BE  ISOLATED  SO 
THE  PROBE  VOLTAGE  MEASUREMENTS  CAN  STILL  BE 

obtained.  Similar  flexibility  is  available  within 

THE  PROBE  VOLTAGE  AND  CURRENT  MEASUREMENT  SECTION 
OF  THE  PROBES.  THUS.  IF  ONE  DETECTOR  OR  PLATE 
BIAS  SUPPLY  FAILS.  THE  REMAINING  SUPPLIES  WILL 
FUNCTION  AND  STILL  P RON' IDE  USEFUL  DATA.  THE 
VOLTAGE  ON  ALL  SUPPLIES  ARE  MONITORED 
CONTINUOUSLY.  The  DETECTOR  SUPPLY  VOLTAGES  CAN  BE 
CHANGED  BY  COMMAND  TO  ONE  OF  FOUR  LEVELS.  THESE 
WILL  BE  UTILIZED  TO  BOOST  DETECTOR  GAIN  ON  ORBIT 
AS  THE  NEED  ARISES. 

The  FUNCTIONAL  DIAGRAM  FOR  THE  VOLTAGE  AND  CURRENT 
SECTIONS  OF  SPHERICAL  PROBES  IS  SHOWN  IN  FIGURE 

7.8.  The  functional  state  of  each  section  is 

DETERMINED  BY  EITHER  28  V REED  RELAY  CLOSURES  VIA 
THE  DATA  SYSTEM  AND/OR  SPACECRAFT  (SWITCHES  SW1  TO 
SW4  IN  PROBE  1 OR  SML  TO  SW3  IN  PROBE  2)  AND  BY 
DIGITAL  COMMANDS  THE  PROBES  RECEIVE  FROM  THE  DATA 
SYSTEM.  The  POWER.  COMMANDS  and  data  for  the 
SC2-1  AND  SC2-2  PROBE  VOLTAGE  AND  CURRENT 
MEASURING  SYSTEMS  ALL  CROSS  HIGH  VOLTAGE  ISOLATION 
VIA  TRANSFORMERS. 

The  power  control  utilizes  reed  relays  that 

PROVIDE  ISOLATION  BETWEEN  THE  + 28”VDC  SPACECRAFT 
POWER  AND  THE  SENSOR.  The  PROBES  HAVE  SEVERAL 
INDEPENDENT  POWER  SUPPLIES.  PROBE  1 HAS  OME  HIGH 
VOLTAGE  AND  TWO  LOW  VOLTAGE  SUPPLIES  (ONE  FOR  THE 

electrometer)  while  Probe  2 has  only  one  high 

VOLTAGE  AND  ONE  LOW  VOLTAGE  SUPPLY.  LlKE  THE 
ESAs,  A FAILURE  IN  A SUPPLY  CANNOT  DAMAGE  THE  MAIN 

25  kHz  - 50  WP  supply  in  the  data  systemi  and  the 
probe  can  be  isolated  by  spacecraft  command.  If 
the  probe  voltage  section  is  off  but  the  ESA  IS  on 
then  the  probe  shunt  command  must  be  executed  for 
Probe  1.  The  probe  shunt  command  is  automatically 
executed  for  such  a condition  in  Probe  2.  The 

SHUNTS  TIE  THE  OUTER  SURFACE  OF  THE  SPHERICAL 
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PROBE  TO  SPACECRAFT  STRUCTURE  GROUND  VIA  A 100 flK 

resistor.  This  guarantees  a reference  for  the  ESA 

PARTICLE  MEASUREMENTS. 

7 4 OPERATIONAL  ASPECTS 

The  ESAs  are  controlled  by  the  data  system.  WHen 

THE  ESA  IS  POWERED  UP  IT  RESPONDS  TO  THE  32 -BIT 
COWAND  THAT  IS  IN  ITS  STORAGE  REGISTER  AT  THAT 

time.  The  32-bit  ESA  command  word  is  sent  by  the 
DATA  SYSTEM  TO  THE  ESAs  EIGHT  TIMES  A SECOND  IN 
BURSTS  ~125 ^.SEC  LONG  (CLOCK  RATE-260  kHz).  WHEN 
THE  DATA  SYSTEM  IS  FIRST  TURNED  ON  IT  IMMEDIATELY 
STARTS  SENDING  A PREDETERMINED  PROGRAM  TO  THE 

ESAs.  If  a different  ESA  cowand  is  not 

TRANSMITTED  TO  THE  DATA  SYSTEM  BY  THE  SPACECRAFT, 
THE  ESAs  CONTINUALLY  EXECUTE  THIS  "DEFAULT" 

program.  Twenty-two  bits  control  the  ESA  plate 

BIASES,  TWO  CONTROL  THE  DETECTOR  BIASES,  AND  EIGHT 
CONTROL  THE  HOUSEKEEPING  DATA  MULTIPLEXER  IN  EACH 

ESA.  There  are  a total  of  fourteen  ESA 

OPERATIONAL  PROGRAMS  THAT  ARE  USED  TO  INCREASE  OR 
DECREASE  THE  NUMBER  OF  ENERGIES  MEASURED  AND  THAT 
CHANGE  THE  TIME  TAKEN  TO  OBTAIN  A COMPLETE 
SPECTRUM.  A CRUDE  SPECTRUM  CAN  BE  OTA  I NED  IN  ONE 
SEC.  A COMPLETE  SPECTRUM  CAN  BE  OBTAINED  IN  AS 
LITTLE  AS  THREE  SEC.  If  GOOD  ANGULAR  RESOLUTION 


IS  REQUIRED  THE  ENERGIES  CAN  BE  SCANNED  SLOWLY  (64 
SEC  PER  ENERGY)  WITH  VALUES  OBTAINED  AT  EIGHT 
SABLES  PER  SEC.  In  THIS  MODE  A COMPLETE  SPECTRUM 

IS  obtaiicd  IN  512  SEC.  The  SC2-1  AND  SC2-2  ESAs 

ARE  ALWAYS  IN  THE  SAME  PROGRAM  SINCE  THEY  ARE 
DRIVEN  BY  THE  SAME  COWAND  GENERATOR  IN  THE  DATA 

system.  The  SC2-3  ESA  commamos  are  generated 

SEPARATELY.  The  OUTPUTS  FROM  THE  ESA  DETECTORS 
ARE  ACCUMULATED  FOR  101.5  MSEC  EACH  125  MSEC  IN 
12-bit  compressed  scalers.  The  scaler  contents 

ARE  MULTIPLEXED  INTO  THE  HI  STREAM  BY  THE  DATA 

system.  The  scalers  are  imhibited  for -23  msec 
AFTER  EACH  32-BIT  COMMAND  IS  SENT  TO  ALLOW  THE  ESA 
PLATE  VOLTAGES  TO  STABILIZE  BEFORE  ACCUMULATING  A 
NEW  SAMPLE. 

The  voltage  and  current  measurement  section  of  the 

PROBES  IS  CONTROLLED  BY  BOTH  THE  SPACECRAFT  AND 
DATA  SYSTEM  COMMANDS.  The  DIGITAL  DATA  SYSTEM 
COWANDS  ARE  8~BIT  BYTES  THAT  ARE  TRANSMITTED  TO 
THE  PROBES  EIGHT  TIMES  A SECOND  IN  BURSTS  LASTING- 

30/u.sec  (clock  rate  is— 260  kHz).  The  probe 

RESPONDS  IMMEDIATELY  TO  EACH  NEW  COMMAND.  WHEN 
THE  DATA  SYSTEM  IS  TURNED  ON  IT  IMMEDIATELY  STARTS 
SENDING  COMMANDS  THAT  CONSIST  OF  ALL  ZEROS.  THIS 
PLACES  THE  PROBE  INTO  A FLOATING  VOLTAGE 
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SPACE CHArr 


ISOLATION 

Figure  7.8.  Functional  Block  Diagram  for  SC2  1 and  SC2  2 Voltage  and  Current  Measurements 


NEASUREf^NT  MDE  WHEN  ITS  POWER  SUPPLIES  ARE 
ENABLED.  If  A NEW  PROBE  COWAND  IS  NOT  SENT  BY 
THE  SPACECRAFT  TO  THE  DATA  SYSTEM  THE  PROBE  STAYS 
IN  THE  FLOATING  VOLTAGE  MEASUREMENT  OR  "DEFAULT" 
MODE.  The  other  commands  allow  the  PROBES  to 
CALIBRATE  THE  ELECTROMETER,  AND  TO  PROVIDE  SIX 


DIFFERENT  BIAS  PROGRAMS  (SEE  FIGURE  7.6).  The 
BIAS  PROGRAMS  HAVE  DIFFERENT  PERIODS  AND  CONTAIN 
DIFFERENT  MJMBERS  OF  UNIQUE  VOLTAGES.  HteN  THE 
PROBES  ARE  BEING  BIASED,  THE  ELECTROMETER  IS 

active  in  Probe  1 and  measures  the  current  to  that 
probe.  The  commands  are  monitored  once  a second 


— — riim 
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AND  THE  BIT  PATTERNS,  AS  RETURNED  TO  THE  DATA 
SYSTEM  BY  THE  PROBES,  ARE  PLACED  IN  THE  TM  STREAM 
FOR  REFERENCE. 

The  probe  voltages  are  sampled  once  a second. 
Since  the  output  is  a pulse  rate  proportional  to 
VOLTAGE,  A COfPRESSED  SCALER  IS  USED  TO  ACCUMULATE 
THE  PULSES  FOR  101.5  MSEC.  ThESE  COUNTS  ARE  THEN 
COPPlfCD  WITH  THE  RANGE  AND  POLARITY  INFORMATION 


INTO  A 12-BIT  BYTE  AND  MULTIPLEXED  INTO  THE 
TELEMETRY  STREAM.  SIMILARLY,  THE  PROBE  CURRENTS 
ARE  SAPPLED  EIGHT  TIMES  A SECOND.  The  CURRENT 
OUTPUTS  ARE  ALSO  PULSES  WITH  EACH  PULSE 
REPRESENTING  A QUANTUM  OF  CHARGE.  THE  PULSES  ARE 
ACCUMULATED  FOR -62.5  MSEC.  The  SCALERS  ARE 
INHIBITED  FOR -62.5  MSEC  AFTER  EACH  NEW  PROBE 
COPMAND  IS  SENT  BY  THE  DATA  SYSTEM  TO  ALLCW  THE 
PROBE  CURRENT  AND  VOLTAGE  TO  STABILIZE. 


8.  ENERGETIC  PROTON  (SC2-6)  AND  ION  PLUS  BACKGROUND 

DETECTORS  (SC2  3B) 


8 1 SCIENTIFIC  OBJECTIVES 

The  SC2-6  and  SC2-3B  measure  protons-  alphas, 

CARBON,  NITROGEN,  AND  OXYGEN  IONS  WITH  EPPHASIS  ON 
PITCH  ANGLE  COVERAGE  WITH  GOOD  RESOLUTION.  The 
PROTON  MEASUREMENTS  COVER  THE  ENERGY  RANGE  17  KEV 

to  3.3  ffcV.  The  heavier  ion  peasurepents  are 

INTEGRAL,  COVERING  ENERGIES  296  KEV/NUCLEON.  The 
BACKGROUND  CONTRIBUTION  FOR  PROTONS  AND  IONS 
PENETRATING  >0.3  CM  OF  BRASS  AND  HAVING  >3  feV  OF 
ENERGY  REMAINING  IS  ALSO  PEASURED.  The  DETAILS  OF 
THE  ENERGIES  MEASURED  ARE  SHOWN  IN  TABLE  3.1.  THE 
PROTON  ENERGY  RANGE  WAS  CHOSEN  TO  OVERLAP  THE  SC9 
UCSD  Charged  Particle  Experiment  described  in 
Section  16  on  the  low  end  and  td  extend  up  to 
energies  covered  by  the  SC3  High  Energy  Particle 
Spectrometer  described  in  Section  9.  The  overlap 
WITH  THE  SC9  INSTRUMENT  ALLOWS  US  TO  PROVIDE 
SIMILAR  PEASUREPENTS  AT  A HIGHER  SAPPLE  RATE  AND 
GREATER  SENSITIVITY. 

Table  8 1 Energy  Channels  for  Energetic 
Proton  Detector 


Protons 

Channel 

hne  rcy* 

(McV) 

A 1 ' 

0. 017  - 

0.  29 

A 2 

0.  02<*  - 

0.  0S4 

A3 

0.  0S4  - 

0.  104 

A4 

0.  104  - 

0.  189 

AS 

0. 189  - 

0.  363 

Ah 

0.  363  - 

0.  717 

A7 

>0. 717 

AH 

>3.  3 

G — 2 * 1 0 ^ cm^  ster 
P 

Defined  at  half  response  points  for  20*C.  Thresholds  are 
temperature  sensitive. 

The  efficiency  of  this  channel  is  < 90'V 


By  copbining  these  peasurepents  with  the  results 
OF  OTHER  P78-2  MEASUREMENTS  AND  OTHER 
NEAR-SYNCHRONOUS  AND  GROUND-BASED  PEASUREPENTS,  IT 
WILL  BE  POSSIBLE  TO  INVESTIGATE  PROTON  AND 
ENERGETIC  ION  ACCELERATION  AND  PRECIPITATION 
PROCESSES,  THE  DYNAMICS  OF  SUBSTORMS  AS  EVIDENCED 
BY  ENERGETIC  IONS  VIA  THEIR  RESULTANT  PITCH  ANGLE 
SCATTERING,  AND  ACCELERATION  AMT  TRANSPORT  PRO- 
CESSES. The  results  will  also  be  used  to  update 
THE  PARTICLE  ENVIRONMENTS  AT  THE  P78*2  SPACECRAFT 
ALTITUDES. 

The  experiment  will  peasure  the  tepporal,  spatial 

AND  DIRECTIONS  VARIATIONS  IN  POSITIVE  ION 
FLUXES.  The  solid-state  particle  DETECTION 
TECHNIQUE  MAKES  IT  POSSIBLE  TO  OBTAIN 
INSTANTANEOUS  ENERGY  SPECTRA  FOR  EACH  ONE  SECOND 
INTERVAL. 

8 2 MEASURING  TECHNIQUE 

The  proton  detection  system  (SC2-6)  is  shown  in 
Figure  3,1.  The  instrument  is  a two-elepent 
SOLI  IT" STATE  DETECTOR  TELESCOPE.  THE  PARTICLES 
ENTERING  THE  COLLIMATOR  PASS  THROUGH  A UNIFORM 
MAGNETIC  FIELD  AND  THEN  THOSE  THAT  PASS  THROUGH 
THE  LAST  DEFINING  SLIT  ARE  ENERGY  ANALYZED  BASED 
ON  THE  ENERGY  DEPOSITED  IN  THE  DETECTORS.  The 
MAGNETIC  FIELD  SEPARATES  PROTONS  AND  HEAVIER 
PARTICLES  FROM  THE  ELECTRONS  THAT  ARE  DEFLECTED 
AWAY  FROM  TEE  DETECTOR.  THE  PROTONS  AM)  HEAVIER 
ION  PATHS  ARE  UNAFFECTED  BY  THE  MAGNETIC  FIELD. 

Tic  PROTON  TELESCOPE  CONSISTS  of  a front  and  a 
REAR  SOLID-STATE  DETECTOR  BEHIND  A 
COLLIMATOR -MAGNET  ASSEPBLY.  THE  FRONT  DETECTOR  IS 
USED  FOR  ENERGY  ANALYSIS  WHILE  THE  REAR  DETECTOR 
ELIMINATES  PENETRATING  PARTICLES  FROM  THE  ANALYSIS 
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AND  PROVIDES  AECESSARY  BACKGROUND  INFORMATION, 

The  proton  analysis  produces  differential  flux 

ItASURE  MINTS  IN  SIX  ENERGY  WINDOWS  AND  TWO 
INTEGRAL  FLUX  MEASUREMENTS  AS  SHOW  IN  TABLE  8.1. 
The  INSTRUttNT  HAS  A GEOMETRIC  FACTOR  OF  2 X 
ID  ^ C^/sTER. 


THE  HEAVIER  ION  DETECTION  SYSTEM  SC2“3B  IS  SIMILAR 
TO  THE  PROTON  DETECTOR.  THE  ION  DETECTOR  IS  SHOWN 
SCHEMATICALLY  IN  FIGURE  8.2.  THE  INSTRUftNT  IS  A 
TWO-ELEMENT  SOLID-STATE  TELESCOPE  THAT  IS  HIGHLY 
COLLIMATED  AND  THE  DETECTORS  ARE  HEAVILY  SHIELDED 
IN  ALL  DIRECTIONS,  EXCEPT  THE  SOLID  ANGLE  OF  THE 
FIELD  OF  VIEW.  THE  ANALYZING  MNSfCT  IS  WELL 
SEPARATED  FROM  THE  DETECTORS  AND  DEFLECTS  ALL 
ELECTRONS  WITH  ENERGIES  OFil.7  ftV  OUT  OF  THE 
BEAM.  THE  ENERGETIC  IONS  ARE  NOT  AFFECTED  BY  THE 
"BROOM  MAGICT."  Tit  TELESCOPE  HAS  A GEOMETRIC 
FACTOR  OF  3.6  X HF*  CkT  STER. 


Figure  8.2.  Energetic  Ion  Plus  Background  Detector 


The  ION  TELESCOPE  CONSISTS  OF  A THIN  FRONT 
DETECTOR  AND  A THICKER  REAR  DETECTOR.  THE  OUTPUT 
FROM  THE  FRONT  DETECTOR  IS  ENERGY-ANALYZED  WHILE 
THE  REAR  DETECTOR  IS  USED  TO  REJECT  PENETRATING 
PARTICLES  IN  AMT  OUT  OF  THE  FIELD  OF  VIEW.  THE 
IONS  ARE  DIFFERENTIATED  BY  THE  ENERGY  REQUIRED  TO 
PENETRATE  THE  FRONT  DETECTOR.  IONS  WITH  ENERGIES 
90  keV/nucleon  ARE  DETECTED.  A HIGH  THRESHOLD  IS 
ALSO  USED  ON  THE  REAR  DETECTOR  TO  MEASURE  THOSE 


PARTICLES  THAT  PENETRATE  THE  BRASS  SHIELD  OR  FRONT 
DETECTOR  AND  STILL  DEPOSIT  LARGE  AMOUNTS  OF 
ENERGY.  THE  SHIELDING  SHOULD  STOP <45  feV  PROTONS 
AfC<5  feV  ELECTRONS. 

8.3  FUNCTIONAL  BLOCK  DIAGRAMS 

The  data  flow  through  Energetic  Proton  Detector  is 
ILLUSTRATED  IN  FIGURE  8.3.  The  PARTICLE  DETECTORS 
OF  SC2-6  ARE  FOLLOWED  BY  CHARGE  SENSITIVE 
PREAMPLIFIERS,  PULSE  AMPLIFIERS,  SHAPERS.  AND 
DISCRIMINATORS.  The  OUTPUTS  OF  MOST  OF  THE 
STACKED  DISCRIMINATORS  THAT  FOLLOW  THE  FRONT 
DETECTOR  ARE  IN  ANTICOINCIDENCE  WITH  THE  REAR 
DETECTOR  OUTPUT  TO  DELETE  PENETRATING  PARTICLES 
FROM  THE  ENERGY  ANALYSIS.  THE  DISCRIMINATED  OUPUT 
OF  THE  REAR  DETECTOR  IS  ACCUMULATED  SEPARATELY.  A 
CHANNEL  IS  ALSO  FORMED  THAT  REPRESENTS  LARGE 
ENERGY  DEPOSITS  IN  THE  FRONT  DETECTOR  OR 
COINCIDENCE  BETWEEN  A LARGE  ENERGY  DEPOSIT  IN  THE 
FRONT  AND  AN  OUTPUT  FROM  THE  REAR  DETECTOR.  THIS 
LATTER  CHANNEL  IS  AN  INTEGRAL  PROTON  CHANNEL.  The 
RANDOM  OUTPUT  PULSES  ARE  CONTINUOUSLY  TRANSMITTED 
TO  THE  DATA  SYSTEM.  THE  FUNCTIONAL  DIAGRAM  FOR 
THE  ION  PLUS  BACKGROUND  DETECTOR  IS  SHOWN  IN 

Figure  8.4.  The  particle  detectors  are  followed 

BY  CHARGE  SENSITIVE  PREAMPLIFIERS,  PULSE 
AM’LIFIERS,  SHAPERS,  AND  DISCRIMINATORS.  THE 
FRONT  DETECTOR  IS  ENERGY-ANALYZED  IN 
ANTICOINCIDENCE  WITH  THE  REAR  DETECTOR  TO  DELETE 
PENETRATING  PARTICLES  FROM  THE  ENERGY  AND  SPECIES 
ANALYSIS.  TWO  DISCRIMINATED  OUTPUTS  FROM  THE  REAR 
DETECTOR  ARE  ACCUMULATED  SEPARATELY,  ONE 
REPRESENTING  ALL  PARTICLES  INCIDENT  ON  THE  REAR 
DETECTOR  AND  ONE  THAT  CORRESPONDS  TO  LARGE  ENERGY 
DEPOSITS  IN  THE  REAR  DETECTOR.  The  FRONT  DETECTOR 
OUTPUT  IS  ANALYZED  TO  GIVE  SEVERAL  INTEGRAL 
CHANNELS.  THE  OUTPUT  DATA  IS  TRANSMITTED  TO  THE 
DATA  SYSTEM  AS  RANDOM  PULSES  OR  AS  8"BIT  BYTES 
THAT  ARE  ACCUMULATED  WITHIN  THE  EXPERIMENT  ON 
SELECTED  CHANNELS. 

8.4  OPERATIONAL  ASPECTS 

The  functioning  of  the  SC2-6  is  imjependent  of  the 

DATA  SYSTEM.  THE  DATA  SYSTEM  ACCUMULATES  THE 
OUTPUT  PULSES  INTO  12-BIT  COMPRESSED  SCALERS  AND 
MULTIPLEXES  RESULTANT  BYTES  INTO  THE  TM  STREAM  AT 
THE  PROPER  TIftS.  THE  ACCUMULATION  INTERVAL  FOR 
ALL  SC2-6  OUTPUTS  IS  Oft  SECOND.  Soft  OF  THE 
SC2-6  DATA  CHANNELS  ARE  SHARED  WITH  OTHER  SC2 
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MEASUREMENTS  IHIS  IS  DETERMINED  BY  THE  COMWE 
STATE  OF  THE  EXPER I EfPNT . 

The  SC2-3B  functions  partially  independent  of  the 

DATA  SYSTEM  AND  PARTIALLY  UNDER  THE  CONTROL  OF  THE 
DATA  SYSTEM.  SOME  OF  THE  OUTPUTS  ARE  ACCUMULATED 
IN  8-BIT  SCALERS  WITHIN  THE  DETECTOR  AM)  SHIFTED 


OUT  DIRECTLY  INTO  THE  TW  STREAM  UNDER  THE  CONTROL 
OF  THE  DATA  SYSTEM.  THE  REMAINING  OUTPUTS  ARE 
ACCUMULATED  BY  THE  DATA  SYSTEM  INTO  8 "BIT  SCALERS 
OR  12-BIT  COMPRESSED  SCALERS  AM)  THEN  MULTIPLEXED 
INTO  THE  TM  STREAM.  THE  SAMPLE  RATES  FOR  THE 
SC2-3B  OUTPUTS  ARE  0.5,  1,  AND  4 SAMPLES  PER 
SECOND. 

KWROM  SPACIWAFI 
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Figure  8.3.  Energetic  Proton  Detector  Schematic  (SC2  6) 


Figure  8 4 Background  and  Heavy  Ion  Sensor  Schematic  (SC2  3B) 

9.  SC3  HIGH  ENERGY  PARTICLE  SPECTROMETER 


9.1  SCIENTIFIC  OBJECTIVES 


The  primary  goals  of  the  SC3  payload  are  to  make 

ENERGETIC  ELECTRON  AND  PROTON  MEASUREMENTS  THAT 
ARE  AEEDED  TO  PEET  THE  OBJECTIVES  OF  THE 
SPACECRAFT  CHARGING  PROGRAM.  The  ENERGETIC 
ELECTRON  FLUX  AT  fEAR'SYNCHRONOUS  ALTITUDES 
EXHIBITS  PRONOUNCED  PITCH-ANGLE,  DIURNAL  AND  SOLAR 
ROTATION  DEPENDENCES,  AND  IS  HIGHLY  DYNAMIC  IN 
TIME.  The  ENERGETIC  ELECTRONS  BEHAVE  differently 
IN  MANY  WAYS  FROM  THE  LOW-ENERGY  ELECTRONS  AND. 
THEREFORE,  MEASUREMENTS  OBTAINED  WITH  THE  SC? 
SPECTROMETER  WILL  COPPLEPENT  THE  PEA  SURE  KENTS  MADE 
AT  LOWER  ENERGIES  BY  OTHER  EXPERIMENTS  ON  THE 
P78-2  SPACEFLIGHT , ONE  APPLICATION  TO  THE 

Spacecraft  Charging  mission  is  the  measurement  of 

FLUX  INTENSITIES  OF  PENETRATING  ENERGETIC 


ELECTRONS  TO  DETERMIIE  WHETHER  ANOMALOUS  CHARGING 
OF  COAXIAL  CABLES  IN  SPACECRAFT  IS  A SOURCE  OF 
SYSTEM  NOISE. 


A knowledge  of  the  fluxes,  spectra,  and 

PITCH-ANGLE  DISTRIBUTIONS  OF  THE  ENERGETIC 
ELECTRONS  AT  ICAR-EQUATORIAL  ALTITUDES  CN  HIGH 
L-shells  IS  ESSENTIAL  TO  AN  UNDERSTATING  OF 
ENVIRONMENTAL  EFFECTS  ON  0_F  AND  VLF 
COMMUNICATIONS.  THESE  COMMUNICATIONS  ARE  AFFECTED 
BY  NATURALLY-OCCURRING  AND  ARTIFICIALLY-IWXJCEO 
WAVE-PART  1CLF.  INTERACTIONS  THROUGH  TRANSFER  OF 
WAVE  ENERGY  TO  PARTICLE  ENERGY.  PERTURBATION  OF 
THE  PARTICLE  ENERGY  OR  P1TCH"ANGLE  DISTRIBUTION  AS 
A RESULT  OF  SUCH  INTERACTIONS  ENHANCES  PARTICLE 
PRECIPITATION  FROM  THE  RADIATION  BELTS,  WHICH 
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SUBSEQUENTLY  AFFECTS  LONG  "WAVELENGTH  COMMUNICATION 
SYSTEMS  ADVERSELY.  PaYLQADS  ON  THE  P78"2 
SPACEFLIGHT  SIMULTANEOUSLY  MEASURE  THE  DETAILED 
PARAFETERS  OF  THE  ENERGETIC  ELECTRON  POPULATION, 
THE  COLD  PLASMA  ENVIRONMENT,  AND  THE  ELECTRIC  AND 
MAGftTlC  FIELD  ENV I RONIENT  ICAR-SYNCHRONOUS 
EQUATORIAL  ALTITUDES  AT  ALL  LOCAL  TITES  UNDER  A 
VARIETY  OF  NATURALLY-OCURR I NG  WAVE  CONDITIONS. 

The  SC3  spectrometer,  in  conjunction  with  low 
ENERGY  ELECTRON  lEASUREIENTS  IN  THE  SC5  AND  SC9 
PAYLOADS,  WILL  DEFINE  THE  TRAPPED  ELECTRON 
ENVIRONMENT  THAT  INTERACTS  WITH  THE  WAVE 
ENV  I ROME  NT  AS  MEASURED  BY  THE  ELECTRIC  AND 
MAGNETIC  FIELD  PAYLQADS,  SCI,  SC10,  AND  SC11, 
UNDER  WELL-DEFINED  COLD  PLASMA  CONDITIONS  THAT  ARE 
IEASURED  BY  THE  SC6  AND  SC7  PAYLOADS.  THE 
KNOWLEDGE  OBTAINED  FROM  SUCH  A SIMULTANEOUS  STUDY 
SHOULD  LEAD  TO  A BETTER  UNDERSTANDING  OF  BOTH 
NATURAL  AND  MAN-MADE  ELF  AND  VLF  WAVE  INTERACTIONS 
WITH  TRAPPED  PARTICLES  IN  THE  MAGNETOSPHERE  AND  TO 
THE  SUBSEQUENT  EFFECTS  OF  SUCH  INTERACTIONS  ON  THE 
IONOSPHERE. 

The  SC3  payload  will  measure  the  electron 

ENVIRONMENT  WITH  GOOD  ENERGY  RESOLUTION  IN  THE 
ENERGY  REGION  (1.5  f %V)  AT  THE  TIME  OF  SOLAR 
MAXIMUM  CONDITIONS.  THE  ENERGETIC  ELECTRONS  IN 
THIS  ORBIT  CONSTITUTE  A POTENTIAL  HAZARD  TO  THE 
ELECTRONIC  COMPONENTS  USED  IN  BOTH  THE  PAYLOADS 
AND  THE  SPACECRAFT.  OUTPUTS  FROM  THE  SC3  PAYLOAD 
WILL  BE  USED  TO  DETERMINE  IN  NEAR  REALTIME  THE 
ENVIRONMENT  AND  RADIATION  DOSE  ACQUIRED  BY  THE 
SPACECRAFT  BEHIND  VARIOUS  SHIELDING  THICKNESS. 

These  data  will  be  used  for  the  P7R-2  spaceflight 

DEGRADATION  CALCULATIONS  AND  TO  I M3  ROVE  THE 
RADIATION  MODELS  FOR  SUBSEQUENT  MISSIONS. 

At  the  TINES  OF  SOLAR  particle  EVENTS  that  REACH 
THE  EARTH,  ENERGETIC  SOLAR  PROTONS,  ELECTRONS,  AND 
ALPHA  PARTICLES  TYPICALLY  HAVE  HIGHLY  EFFICIENT 
ACCESS  TO  THE  EAR-GEOSYNCHRONOUS  ORBIT.  THEY  MAY 
SIGNIFICANTLY  ALTER  THE  ENERGETIC  PLASMA 

cofposition.  The  SC3  spectrometer  will  ieasure 

THESE  ENERGETIC  SOLAR  PARTICLES  AND  THEIR 
CONTRIBUTIONS  TO  THE  BACKGROUNDS  AND  RADIATION 
DOSE  IN  THE  OTHER  ELEMENTS  OF  THE  P7R“2 
SPACEFLIGHT.  The  SC3  INSTRUMENT  MEASURES  THE 
FLUXES,  SPECTRA,  AND  PITCH'ANGLE  DISTRIBUTION  OF 
THE  ENERGETIC  PLASMA  IN  THE  ENERGY  RANGE  50  KEV  TO 


5100  KEV  AND  THE  INTEGRAL  FLUX  BETWEEN  5100  KeV 
and  10,000  keV.  In  addition,  the  instrument 

MEASURES  THE  PROTON  ENVIRONMENT  AT  ENERGIES 
BETWEEN  1-200  MeV  AND  THE  ALPHA  PARTICLE 
ENVIRONMENT  BETWEEN  6~60  MeV  DURING  SOLAR  PARTICLE 
events.  The  feasureaents  are  made  with  a pitch 

ANGLE  RESOLUTION  OF  3 DEG 

(full-width-at-half-maximjm).  The  energy  spectra 
ARE  OBTAINED  WITH  A 12'CHAWIEL  PULSE  HEIGHT 
ANALYZER  THAT  CAN  BE  PROGRAMED  BY  COMWTD  TO 
COVER  A NARROW  OR  WIDE  ENERGY  RANGE.  In  THIS 
MANNER,  BOTH  COM>LETE  SURVEY  DATA  AND  HIGH 
RESOLUTION  SPECTRAL  DATA  CAN  BE  OBTAINED  ON 
COM1AND. 

9 2 MEASURING  TECHNIQUE 

The  basic  ieasureient  technique  is  a solid-state 

PARTICLE  SPECTROMETER  CONSISTING  OF  FOUR  SENSOR 
ELEfENTS.  A LINE  DRAWING  OF  THE  SPECTROMETER  IS 

shown  in  Figure  9.1.  Various  logic  combinations 

OF  THE  FOUR  SENSORS  IN  THE  INSTRUTENT  ARE  USED  TO 
DETERMINE  THE  PARTICLE  TYPES  AND  ENERGY  RANGES. 

The  various  particle  types  and  energy  ranges  are 

MEASURED  IN  SEVERAL  TIME-MULTIPLEXED  MODES  OF 
OPERATION  THAT  ARE  COMMAND'SELECTABLE. 

The  D-detector,  which  is  200/jm  thick  intrinsic 
Si,  is  used  to  teasure  both  the  rate  of  energy 

LOSS  OF  THE  HIGHER  ENERGY  PARTICLES  AND  TO 
DIRECTLY  STOP  AND  MEASURE  THE  LCWER  ENERGY 
PARTICLES.  THE  E-DETECTOR,  WHICH  CONSISTS  OF  FIVE 
2 MM  THICK  DETECTORS  IN  PARALLEL,  IS  LOCATED 
BEHIND  THE  D”DETECTOR  TO  STOP  THE  HIGHER  ENERGY 
PARTICLES  AND  TO  IEASURE  THEIR  TOTAL  ENERGY  LOSS. 

The  E'-detector,  which  is  1000  microns  thick,  is 

LOCATED  BEHIND  THE  E-DETECTOR  AND  IS  USED  AS  AN 
ACTIVE  COLLIMATOR.  BEHIND  THE  E'-DETECTOR  IS  A 
TUNGSTEN  ABSORBER  THAT  SETS  THE  UPPER  ENERGY  LIMIT 
FOR  ANALYSIS.  All  OF  THESE  DETECTORS  ARE 
FABRICATED  OF  SURFACE"BARR I ER  SILICON  AND  ARE 
STACKED  TOGETHER  IN  A TELESCOPE  CONFIGURATION. 

The  entire  stack  is  surrounded  by  the  A-detector, 

WHICH  CONSISTS  OF  PLASTIC  SCINTILLATOR  VIEWED  BY  A 
PHOTOMULTIPLIER  TUBE.  The  PURPOSE  OF  THE 
A-ANTICOINCIDENCE  DETECTOR  IS  TO  SENSE  AND  REJECT 
ENERGETIC  PARTICLES  AND  BREMSSTRAHIUNG  THAT 
PENETRATE  EITHER  THE  OUTER  SHIELDING  WALLS  OF 
ALUMINUM  AND  TUNGSTEN  OR  THE  SILICON  DETECTOR 
STACK  AND  ABSORBER.  The  SENSOR  STACK  IS  LOCATED 
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Figure  9 1 SC3  High  Energy  Particle  Spectrometer 


3EHI*©  A LONG/  NARROW  COLLIMATOR  THAT  DEFINES  7VIE 
3 DEG  FIELD  OF  VIEW. 

9 3 FUNCTIONAL  BLOCK  DIAGRAM 

A FUNCTIONAL  BLOCK  DIAGRAM  OF  THE  SC3  INSTRUMENT 

is  show  in  Figure  9.2.  The  instrument  operates 
FROM  A 2098-bit  semiconductor  MEMORY  (CMOS)  THAT 
is  structured  into  256  8-bit  words  that  are 

I INDIVIDUALLY  ADDRESSABLE  AND  LOADABLE  VIA  9~3IT 
SERIAL-DIGITAL  COMMANDS  (MAGNITUDE  COMMANDS). 

Four  of  these  words  (32-bit  control  register) 

COMPLETELY  DEFIME  ONE  OPERATING  MODE  OF  THE 
INSTRUMENT.  A MODE  IS  DEFINED  BY  SPECIFYING  THE 
LOGIC  CONDITIONS  (COINC IDENCE/aNTICOIMC  IDECE), 
GAIN,  AID  ENERGY  THRESHOLDS  REQUIRED  BETWEEN  THE 
FOUR  SENSOR  ELEMEMfTS  (D,  E,  E',  A)  TO  UNIQUELY 
ESTABLISH  A PARTICLE  TYPE  AID  ENERGY  RANGE  FOR 
ANALYSIS.  A CHOICE  OF  TWO  AMPLIFIER  GAIN  SETTINGS 
FOR  THE  D"  AID  E-DETECTORS  IS  AVAILABLE.  The 
LOWER  AND  UPPER  ENERGY  THRESHOLDS  SELECTED  FOR 
ANALYSIS  BY  THE  12 -CHANNEL  PULSE"HE IGHT'ANALYZER 
(PHA)  ARE  DETERMIICD  TO  8'BIT  AND  6'BIT 
RESOLUTION,  RESPECTIVELY.  EITHER  THE  D"  OR 
E-DETCCTOR  IS  SELECTABLE  AT  ANY  TIME  FOR  ANALYSIS 
BY  THE  PHA  THROUGH  THE  MULTIPLEXER.  The  ENERGY 
THRESHOLD  OF  THE  SENSOR  NOT  SELECTED  FOR  ANALYSIS 
CAN  BE  SET  TO  8"BIT  RESOLUTION. 

Eight  of  these  modes  comprise  one  PAGE  of  memory 
AND  EIGHT  PAGES  CONSTITUTE  THE  COMPLETE  MEMORY. 
To  LOAD  THE  COMPLETE  MEMORY  REQUIRES  512  COMMANDS 
(ADDRESS  + DATA)  AND  512  SECONDS  AT  A COMMANDING 
RATE  OF  ONE  PER  SECOND.  EACH  PAGE  OF  MEMORY  CAN 
BE  STRUCTURED  TO  ENEMAS  IZE  ONE  PARTICLE  TYPE 
(l.E.,  ELECTRONS)  OR  ALL  PARTICLE  TYPES;  TO 


CONCENTRATE  ON  SPECIAL  EVENTS,  SUCH  AS  SOLAR 
PARTICLE  EVENTS;  OR  TO  DWELL  ON  A NARROW  ENERGY 
REGION  OF  INTEREST  WITH  ANY  PARTICLE  TYPE.  The 
COMMANDA9LE  OPTIONS  ARE  EXTENSIVE  BUT  AN  OPTIMUM 
OPERATING  CONFIGURATION  WILL  EF  LOADED  INITIALLY 
AND  ADJUSTED  AS  CONDITIONS  DICTATE 


ONCE  THE  INSTRUMENT  MEMORY  IS  LOADED,  OPERATION 
FROM  ANY  PAGE  IS  SELECTABLE  BY  A SUBSEQUENT 
INSTRUCTION  MAGNITUDE  COMMAND  (INST).  EACH  9"3IT 
INST  COMMAND  ALSO  SELECTS  THE  DWELL  TIME  THAT  THE 
INSTRUMENT  WILL  REMAIN  IN  EACH  MODE  AS  IT  CYCLES 
THROUGH  THE  MEMORY  PAGE.  TIMES  OF  8,  16,  32,  AND 
69  SEC  ARE  POSSIBLE.  SINCE  THE  SATELLITE  SPIN 
RATE  IS  1 RPM,  THE  LONGEST  DWELL  TIME  CORRESPONDS 
APPROXIMATELY  TO  OME  SPIN  PERIOD.  ftvELL  TIMES  AS 
SHORT  AS  ONE-EIGHTH  OF  A SPIN  PERIOD  ARE, 
THEREFORE,  ALSO  POSSIBLE.  THE  ABILITY  TO 
CALIBRATE  THE  INSTRUMENT  WITH  AN  INTERNAL  PULSE 
GENERATOR  SYSTEM  IS  SELECTABLE  BY  ONE  BIT  OF  THE 

INST  command.  The  order  of  the  digital  data 

OUTPUT  FROM  THE  SPECTROMETER  IS  ALSO  SELECTABLE. 
A PRIMARY  FORMAT  IS  USED  UNLESS  SOME  FAILURE 
OCCURS  IN  THE  READOUT  CIRCUITRY  AT  WHICH  TIME  A 
SECONDARY  FORMAT  IS  AVAILABLE.  THE  ABILITY  TO 
SELECT  A HARDWIRED  BACKUP  MODE  IS  ALSO  AVAILABLE 
SHOULD  A MAJOR  FAILURE  OCCUR  IN  THE  MEMORY 
OPERATION.  THE  HARDWIRED  BACKUP  MODE  MEASURES  THE 
HIOIER  ENERGY  ELECTRONS  (300-5100  KEV)  AND  IS 
INDEPENDENT  OF  THE  MEMORY.  THE  INSTRUMENT 
OPERATES  IN  THIS  CONDITION  AUTOM1AT I CALLY  WHENEVER 
THE  MEMORY  IS  BEING  LOADED  OR  DISABLED.  DIGITAL 


SIGNALS  FROM  THE  FOUR  SENSORS  ARE  APPLIED  TO  A 
COIMCIDENCE  LOGIC  UNIT  WHERE  THEY  ARE  TESTED 
AGAINST  THE  CONDITIONS  SPECIFIED  IN  THE  COMMAND  TO 
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Figure  9.2.  Functional  Block  Diagram 
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UNIQUELY  MEASURE  A CERTAIN  PARTICLE  TYPE  AND 
ENERGY  RANGE.  The  LOGIC  CONDITIONS  REQUIRED  TO 
MEASURE  THE  VARIOUS  PARTICLES  AND  ENERGIES  OF 
INTEREST  ARE  SHOWN  IN  TABLE  9.1.  The  SUBSCRIPTS 
ON  THE  SENSOR  NOTATION  REFER  TO  THE  LOWER  ENERGY 
THRESHOLDS  REQUIRED  TO  ESTABLISH  THE  CORRECT 
ENERGY  RANGE.  HlGH  APPLIFIER  GAIN  IS  REQUIRED  IN 
THE  ELECTRON  MODES  OF  OPERATIONS  SINCE  THE 
ENERGIES  INVOLVED  ARE  CONSIDERABLY  BELOW  THOSE  OF 
THE  PROTONS  AND  ALPHA  PARTICLES  INSURED.  BARS 
OVER  A SENSOR  NOTATION  INDICATE  AN  ANTICOINCIDENCE 
CONDITION  (NO  SIGNAL)  MUST  BE  PRESENT  FROM  THAT 
SENSOR  TO  SATISFY  THE  LOGIC.  THE  PLASTIC 
SCINTILLATOR,  A,  IS  ALWAYS  USED  IN  AN  ANTI- 
COINCIDENCE  mode.  The  E'-detector  is  used  to 
DETECT  AND  MEASURE  THE  ENERGETIC  ELECTRONS  BETWEEN 
5100  AND  10,000  keV,  where  the  UPPER  ENERGY  IS 
DETERMITED  BY  THE  TUNGSTEN  ABSORBER  BEHIND  THE 
SENSOR  AND  IN  FRONT  OF  THE  ANTICOINCIDENCE 
SCINTILLATOR  (FIGURE  9.1).  The  E'-DETECTOR  IS 
ALSO  USED  TO  DETECT  AND  COLLIMATE  THE  HIGHEST 
ENERGY  PROTONS  BUT  ANALYSIS  IS  PERFORMED  IN  THE 
NONLINEAR  PORTION  OF  THE  E-DETECTOR. 

Signals  from  the  sensor  selected  for  analysis  that 

SATISFY  ALL  THE  LOGIC  CONDITIONS  ARE  ROUTED  TO  THE 
12-CHANNEL  DIFFERENTIAL  PHA  AFTER  BEING  STRETCHED 


in  time.  The  PHA  is  a 15-level  copparator  stack 

WITH  THE  LOWER  AND  UPPER  LEVEL  REFERENCES 
DETERMINED  BY  COMMAND.  The  LOWER  LEVEL  REFERENCE 
CAN  BE  SET  TO  1 “PART*  IN-256  (8-BIT)  OF  THE 

AML1FIER  RANGE  WHILE  THE  UPPER  LEVEL  CAN  BE  SET 
AND  RESOLVED  TO  l'PART-IN-64  (6‘BIT)  OF  THE 
RANGE.  ALL  AfPLIFIER  PULSES  BETWEEN  THE  LOWER  AND 
UPPER  REFERENCE  LEVELS  ARE  ANALYZED  INTO  12 
EQUAL-WIDTH  VOLTAGE  BINS.  BASIC  ANALYSIS  TIM  IS 

996  msec.  The  reference  levels  can  be  set  as 

CLOSE  AS  THE  BASIC  RESOLUTION  AND  STABILITY  OF  THE 
PHA  SYSTEM  (1-PART"  IN-256)  IN  ORDER  TO  ACHIEVE 
HIGH  ENERGY  RESOLUTION  OVER  A LIMITED  ENERGY 

range.  Alternately,  the  levels  can  be  set  over  a 

WIDER  RANGE  WITH  BROADER  ENERGY  RESOLUTION  IN 
ORDER  TO  OBTAIN  BETTER  STATISTICS. 

Table  9 1.  Detector  Logic 
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Each  of  the  12  chantcls  of  the  PHA  are  connected 
to  16-bit  binary  accumulator  shift  registers  that 
ARE  READOUT  EVERY  0.5  SEC  TO  THE  TELEMETRY.  THE 
0.5-sec  accumjlation  time  corresponds  to  a 3-deg 

ROTATION  OF  THE  SATELLITE.  In  ADDITION,  THERE  ARE 
16-BIT  ACCUMULATORS  CONNECTED  TO  EACH  OF  THE  FOUR 
SENSORS  TO  MEASURE  THE  INTEGRAL  COUNTING  RATES 
ABOVE  THE  LOWEST  THRESHOLD. 

Upon  serial  readout,  each  16-bit  accumulator  is 

COMPRESSED  INTO  AN  S'BIT  OUTPUT  WORD  IN  A 
PSEUDO-LOGARITHMIC  MANNER.  The  S~BIT  OUTPUT  WORD 
CONSISTS  OF  4 BITS  THAT  DEFIfE  THE  LOCATION  OF  THE 
MOST-SIGNIFICANT-ONE  BIT  IN  THE  ACCUMILATOR  (a 
FIFTH  BIT  IS  IMPLIED)  AND  THE  4 BITS  OF  BINARY 
DATA  THAT  FOLLOW.  The  DATA  CONTENTS  OF  THE 
ACCUMULATOR  UP  TO  A VALUE  OF  31  ARE  NOT  COMPRESSED 
AND,  HENCE,  ARE  NOT  EFFECTED  IN  ACCURACY,  At 
HIGHER  ACCUMULATOR  VALUES  THE  MAXIMUM  ERROR 
ASSOCIATED  WITH  THE  TRUNCATION  NEVER  EXCEEDS  A FEW 
PERCENT. 

A 64-bit  STATUS  BLOCK  describing  THE  COMPLETE 
CONFIGURATION  LOGIC  OF  THE  INSTRUMENT  IS  READOUT 
EVERY  4 SEC  AND,  THEREFORE,  THE  MINIMUM  DWELL  TIME 

(6  sec)  of  a MODE  can  be  defined.  This  status 

BLOCK  REFLECTS  THE  CONTROL  LOGIC  OF  THE  INSTRUMENT 
AS  ACQUIRED  FROM  THE  MEMORY  FOR  EACH  MOEE  AND  ALSO 
THE  CONDITIONS  SPECIFIED  BY  THE  INSTRUCTION  AND 
THE  DISCRETE  COMMANDS.  FOUR  ANALOG  OUTPUTS 
MEASURE  THE  BIAS  ON  THE  D",  E-,  AND  E'-DETECTORS 
AMO  THE  TEMPERATURE  OF  THESE  DETECTORS.  A SUMMARY 
OF  THE  KEY  FEATURES  OF  THE  SPECTROMETER  IS  GIVEN 

in  Table  9.2. 

Table  9 2.  Summary  of  the  Key  Features  of  the  SC3 
Spectrometer 

E 'i.inti.r  .»r  .rn.nr.  4 

‘ ParUcl*tt  Mtd  cttergy  rang*-  e SO.  MOO  keV  ;S.  t - lfl  O MrV 

measured  p 1.200  MfV 

7 6-hO  M**V 

Number  of  differential  energy  1 2 

| ihannela 

Fnergv  resolution  Programmable 

Vimber  of  integral  energy  4 

< hannet • 

Time  required  to  obtain  an  *00  ms 

integral  or  a differential 
•pet  tra 

Pitch  angle  resolution  1*  IFWHMI 

Oeometrtc  factor  « 10  cm^-sr 

Number  of  MODFS  of  R 

operation  to  measure  all 
I particles  and  energies 

| Dwell  time  in  each  MODF  R.  If*.  12,64  se. 

(programmable) 


9.4  OPERATIONAL  ASPECTS 

The  SC3  instrument  utilizes  three  discrete 
COMMANDS  TO  POWER  (1)  THE  INSTRUMENT  (6003),  (2) 
THE  ANTICOINCIDENCE  SYSTEM  (5002),  AND  (3)  THE 
MEMORY  SYSTEM  (5006).  A LOAD  COMMAND  (5009)  MUST 
PRECEDE  EACH  MEMORY  LOADING  OPERATION  AND  A RUN 
COMMAND  (5004)  MUST  PRECEDE  THE  SENDING  OF  AN 
INSTRUCTION  ONST)  COMMAND.  THERE  ARE  256  INST 
COMMANDS  AVAILABLE  FOR  USE  (5101  THROUGH  5356). 
THE  CALIBRATION  SYSTEM  CAN  BE  DISABLED  IN  THE 
EVENT  OF  A FAILURE  VIA  A DISCRETE  COMMAND  (5005), 
The  SG  memeory  will  be  loaded  at  the  earliest 
OPPORTUNITY  AFTER  LAUNCH  AND  REMAIN  ACTIVE  FOR  THE 
DURATION  OF  THE  MISSION.  THIS  IS  ACCOMPLISHED  BY 
SEMOING  256  COMBINATIONS  OF  DATA  AfC  ADDRESS  WORDS 
AT  A RATE  OF  1 WORO/SEC.  CHANGES  TO  THE  MEMORY 
WILL  BE  ACCOMPLISHED  BY  AUTOMATIC  BLOCKS  OF  SERIAL 
BINARY  COMMANDS  (9  BIT)  OR  BY  INDIVIDUAL  SERIAL 
COMMANDS  (9  BIT).  THRESHOLD  CHANGES  TO  SELECT 
DIFFERENT  ENERGY  RANGES  ARE  EXPECTED  TO  BE  THE 
MOST  FREQUENTLY  SENT  COMMAND  AFTER  PAYLOAD 
INITIALIZATION. 

IT  IS  PLANNED  THAT  THE  SG  INSTRUMENT  BE 
OPERATIONAL  AT  ALL  TIMES  DURING  THE  P78~2 
SPACEFLIGHT,  The  PRIMARY  MCDE  OF  OPERATION  WILL 
BE  MEASURING  ELECTRONS  AND  THE  INSTRUMENT  WILL 
OPERATE  ALTERNATELY  BETWEEN  THE  MID"  AND 
HIGH-ENERGY  ELECTRON  RANGES  FROM  A PAGE  OF 

memory.  These  data  will  be  used  in  near-realtime 

ANALYSIS  TO  DETERMIfE  THE  PRIMARY  ENERGY  SPECTRUM 
AND  RADIATION  DOSE  ACQUIRED  BEHIND  VARIOUS 
SHIELDING  THICKNESSES.  At  THE  TIMES  OF  SOLAR 
PARTICLE  EVENTS,  OPERATION  WILL  BE  BY  COMMAND  FROM 
A PRESELECTED  PAGE  IN  MEMORY  TO  OBTAIN  THE  PROTON 
SPECTRUM  AND  ITS  CONTRIBUTION  TO  THE  DOSE. 

Since  a knowledge  of  the  SG  orientation  with 

RESPECT  TO  THE  MAGNETIC  FIELD  ORIENTATION  IS 
ESSENTIAL  TO  ALL  MEASUREMENTS,  THE  SG  INSTRUMENT 
WILL  BE  OPERATED  WITH  THE  SC11  INSTRUMENT. 

Special  alignment  calibrations  between  the  two 

INSTRUMENTS  WILL  BE  PERFORMED  ON'ORBIT. 
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10.  SC4  1 SATELLITE  ELECTRON  BEAM  SYSTEM 


10 .1  SCIENTIFIC  OBJECTIVES 

The  Satellite  Electron  Beam  System,  paylcad  SC4-1, 
is  to  be  used  for  the  ejection  of  electrons  from 
the  P7B-2  spacecraft.  The  SC4-1  ground  is 
connected  by  a low  ifpedeance  path  to  the 
spacecraft  ground,  and  thus  the  charge  ejection 
FROM  SC4"1  will  effect  the  difference  in  potential 

BETWEEN  THE  SPACECRAFT  GROUND  AND  THE  AFB1ENT 

plasma.  The  payload  will  be  used  for  three 

DIFFERENT  INVESTIGATIONS  • (a)  WHEN  ENERGETIC 

ELECTRONS  IMPART  A LARGE  NEGATIVE  POTENTIAL  TO  THE 
SPACECRAFT,  SC4"1  WILL  BE  USED  TO  DETERMI ft  THE 
CURRENT  AND  ENERGY  OF  BEAM  ELECTRONS  REQUIRED  TO 
RESTORE  SPACECRAFT  GROUND  TO  THE  AMT! ENT  PLASMA 
POTENTIAL.  (b)  SC4"1  WILL  BE  USED  TO  DETERMINE 
THE  EJECTION  CURRENT  REQUIRED  TO  PREVENT  CHARGING 
OF  THE  SPACECRAFT  GROUND  DURING  SUBSTORM  PERIODS, 
(c)  SC4"1  WILL  BE  USED  TO  SWING  THE  VEHICLE  TO  A 
POSITIVE  POTENTIAL  RELATIVE  TO  THE  AMBIENT  PLASMA 
AT  PREDETERM!  Id  TIMES  AND  FOR  PREDETERMINED 
PERIODS. 

10  2 MEASURING  TECHNIQUE 

The  SC4-1  package  contains  the  electron  source, 

ELECTRON  GUN,  AND  THE  ELECTRONICS  FOR  CONTROLLING 
AND  FEASURING  THE  EMITTED  CURRENT,  The  ELECTRON 
GUN,  SHOWN  SCHEMATICALLY  IN  FIGURE  10.1,  IS 
ESSENTIALLY  A POWER  TRIODE  CONSISTING  OF  AN 
IfCIRECTLY  HEATED  OXIDE  "COATED  CATHODE,  A CONTROL 
GRID,  A FOCUSSING  ASSEMBLY , AND  AN  EXIT  ANODE  KEPT 
AT  SPACECRAFT  GROUI*  POTENTIAL.  THE  ENERGY  OF  THE 
EMITTED  ELECTRONS  IS  DETERMI FED  BY  THE  CONTROLLED 
It  GAT  I VE  POTENTIAL  BETWEEN  THE  CATHODE  ANT  THE 
ANODE. 


The  CONTROL  GRID  POTENTIAL,  REFERENCED  WITH 
RESPECT  TO  THE  CATHODE , CAN  VARY  FROM  MINUS  30  V 
to  plus  30  V.  This  grid  controls  the  current 
EMITTED  FROM  THE  GUN.  ThIS  CONTROL  GRID  VOLTAGE 
CAN  BE  PULSED,  OR  MAINTAINED  AT  A CONSTANT  VALUE, 
THEREBY  PERMITTING  THE  EJECTION  OF  EITHER  A PULSED 
OR  A CONTINUOUS  STREAM  OF  ELECTRONS.  The 
FOCUSSING  ASSEMBLY  VOLTAGE  DETERMINES  THE  BEAM 
SHAPE.  All  THE  VOLTAGES  REQUIRED  TO  SET  THE 
AMOUNT  OF  CURRENT  EMITTED,  THE  ENERGY  OF  THE 
EMITTED  ELECTRONS,  DUTY  CYCLE,  AND  THE  BEAM  SHAPE 
ARE  SENSED  AND  CONTROLLED  BY  FEEDBACK  CIRCUITRY 
THAT  CAN  BE  SET  BY  GROUND  COMMAND  "CONTROLLED 
RELAYS.  The  STATE  OF  THE  CONTROL  RELAYS  CAN  BE 
VERIFIED  BY  TELEMETERED  FLAG  SIGNALS.  ANALOG 
MEASUREMENTS  ARE  MADE  OF  THE  ACTUAL  EMITTED  BEAM 
CURRENT,  CATHODE  VOLTAGE,  AS  WELL  AS  PARAMETERS 
INDICATING  THE  CONDITION  OF  THE  ELECTRONIC 
ASSEMBLY. 

As  SHOWN  SCHEMATICALLY  IN  FIGURE  10.1,  THE  GUN 
STRUCTURES  ARE  HOUSED  IN  AN  EVACUATED  CERAMIC  TUBE 
SEALED  WITH  A FETAL  CAP.  THIS  AH  OIS  FOR  COMPLETE 
TESTING  OF  SC4"1  DURING  ALL  PHASES  OF  SPACECRAFT 
INTEGRATION,  AND  PREVENTS  POISONING  OF  THF 
OXIDETOQATED  CATHODE  DURING  LAUNCH  AND  ORBIT 
INJECTION  OPERATIONS.  DURING  INTEGRATION  TESTING, 
Tit  BEAM  CURRENT  INCIDENT  ON  TFE  METAL  CAP  IS 
MEASURED  AND  USED  AS  CNE  OF  T>£  MONITORS  CT  TFE 

state  of  SC4-1.  When  tfc  -pacecraft  is  in  oreit, 

A GROUND"  COFMANDED  SQUIB  MECHANISM  WILL  BE  USED 
TO  OPEN  TFC  GIN  BY  PEELING  AND  SWINGING  TFE 
FETALLIC  CAP  AWAY  FROM  TFC  CERAMIC  TUBE. 

10.3  FUNCTIONAL  BLOCK  DIAGRAM 


Figure  10  1.  Electron  Gun 


A Fincticnal  Block  Diagram  of  tfc  SC4-1  power 
SUPPLY  IS  SHOWN  IN  FIGURE  10.2.  THE  INPUT  POWER 
LUCS  CONTAIN  AN  1C  FILTER  TO  REDUCE  CONDUCTED 
EMISSIONS  FRCM  TFE  POWER  SUPPLY  SWITCHING 
REGULATORS  AND  INVERTERS.  TfE  OUTPUT  OF  TFC 
FILTER  POWERS  TWO  SWITCHING  REGULATORS:  Oft  FOR 
THE  HIGH  VOLTAGE  INVERTER  AND  TFC  ODER  FOR  TFC 
LOW  VOLTAGE  INVERTER.  TfC  OUTPUT  OF  SWITCHING 
REGULATOR  No.  1 IS  20  V REFERENCED  TO  INPUT  POWER 
RETURN.  This  REGULATED  POWER  FEEDS  THE  MASTER 
OSCILLATOR  AS  WELL  AS  TFC  LOW  WLTAGE  INVERTER. 


Figure  10.2.  Power  Supply 

The  master  oscillator  provides  a bootstrapped 
SUPPLY  ON  TOP  OF  TPE  INPUT  + 28  V SO  THAT  BOTH 
SWITCHING  REGULATOR  PASS  TRANSISTORS  MAY  BE 

BOTTOMED  AT  LCW  INPUT  Lift  VOLTAGE  AND,  THEREFORE, 
MAINTAIN  HIGH  EFFICIENCY.  Tft  OSCILLATOR  ALSO 

PROVIHS  DITFER  SIGNALS  FOR  T>€  SWITCHING 

REGULATORS,  AND  SWITCH  SIGNALS  FOR  BOTH 

INVERTERS.  TrtJS  T>€  SWITCHING  REGULATORS  AND  THE 
INVERTERS  ARE  ALL  SYNCHRONIZED  TO  THE  MASTER 
OSCILLATOR. 

THE  MASTER  OSCILLATOR  IS  LCW  POWER  FERRITE  CORE 
TRANSFORMER  TYPE  DESIGNED  TO  FREE"  RUN  IN  THE 

SATURATING  MODE  AT  20  kHz. 

The  SWITCHING  REGULATORS  ARE  NONSATURATING.  THE 
SWITCHING  TRANSISTOR  BASE  DRIVES  ARE  SUPPLIED  BY 
SECONDARY  WINDINGS  ON  THE  MASTER  OSCILLATOR 
TRANSFORMER. 

Switching  regulator  No.  1 provides  +5  V reference 
TO  SIGNAL  FOR  THE  TTL  LOGIC  CIRCUITS,  £15  V 
REFERENCE  TO  SIGNAL  GROUND  FOR  THE  ANALOG 
CIRCUITS,  AN  AC  WINDING  FOR  THE  ELECTRON  GUN 
HEATER  REFERRED  TO  NEGATIVE  HIGH  VOLTAGE,  AND  A 
FLOATING  +35  V REFERENCE  TO  NEGATIVE  HIGH  VOLTAGE 
FOR  THE  ELECTRON  GUN  CONTROL  GRID  AMPLIFIER. 

Secondary  series  regulators,  although  not  shown  on 
THE  BLOCK  DIAGRAM,  ARE  USED  FOR  THE  +I5V  ANALOG 
CIRCUIT  SUPPLY 

Switching  regulator  No.  2 powers  the  high  voltage 
inverter.  The  inverter  has  oft  pair  of  switching 


transistors  and  five  transformers  with  primary 

WINDINGS  THAT  ARE  OPERATED  IN  PARALLEL,  Aft)  WITH 
SECONDARY  RECTIFIED  SUPPLIES  WIRED  IN  SERIES  TO 
DEVELOP  THE  HIGH  VOLTAGE.  THE  FIRST  THREE 
SECONDARY  SUPPLIES  PRODUCE  500  V EACH  AND  THE  LAST 
TWO  PRODUCE  750  V EACH.  As  A FUNCTION  OF  THE  HIGH 
BEAM  ENERGY  COMMANDS,  1,  3,  OR  5 TRANSFORMER 
PRIMARIES  ARE  SWITCHED  INTO  THE  INVERTER  COLLECTOR 
CIRCUITS  PRODUCING  500  V,  1500  V,  AND  5000  V AT 
THE  OUTPUT  OF  THE  STACK.  OF  SECONDARY  SUPPLIES. 


Those  secondary  supplies  that  are  in  the  off  state 
IN  OTHER  THAN  THE  3000  V MODE  ESSENTIALLY  LOOK 
LIKE  SHORT  CIRCUITS  DUE  TO  THE  FORWARD  BIASING  OF 
THE  RECTIFIER  DIODES.  THE  INPUT  VOLTAGE  FROM  THE 
SWITCHING  REGULATOR  IN  THE  HIGH  BEAM  ENERGY  MCDE 
IS  + 20  V,  REFERRED  TO  POWER  RETURN. 

In  the  three  low  beam  energy  mcdes  of  300  V,  150 
V,  AND  50  V A SINGLE  500  V SECONDARY  TRANSFORMER 
IS  PLACED  IN  THE  HIGH  VOLTAGE  STRING,  AND  THE 
SWITCHING  REGULATOR  OUTPUT  AS  A FUNCTION  OF 
COMMAND  SIGNALS  IS  REDUCED  TO  APPROXIMATELY  12  V, 
4 V,  and  2 V.  This  reduces  the  single  secondary 

OUTPUT  TO  THE  REQUIRED  LEVELS  FOR  THE  ENERGY  MODES. 

A HIGH  IMPEDANCE  DIVIDER  IS  PLACED  ACROSS  THE  HIGH 
WLTAGE  TO  DEVELOP  VOLTAGES  FOR  THE  FOCUS  ANODE  OF 
THE  GUN  AMD  FOR  THE  SLOW  SPEED  ANALOG  MONITOR  TO 
TELEMETRY  (TIM).  The  FOCUS  SWITCHES  ARE  SMALL 
REED  RELAYS  CAPABLE  OF  TOOChV  ISOLATION  BETWEEN 
THEIR  CONTACTS  AND  THEIR  ENERGIZING  COILS.  WHICH 
ARE  DRIVEN  FROM  COMMAND  CIRCUITS.  The  FOCUS 
LEVELS  ARE  5,  ID,  AND  20%  OF  THE  HIGH  VOLTAGE 
TAPPED  DOWN  FROM  THE  fEGATIVE  HIGH  VOLTAGE. 

The  positive  end  of  the  supply  is  at  a 0-V 

POTENTIAL  REFERRED  TO  SIGNAL  GROUND  BUT  NOT 
CONNECTED  TO  GROUND.  THIS  POINT  IS  THE  INPUT  OF  A 
TRANSRESISTANCE  AMPLIFIER  THAT  MONITORS  AND 
CONTROLS  THE  BEAM  RETURN  CURRENTS,  EITHER  FROM 
SPACECRAFT  SKIN  RETURN  IN  FLIGHT  OR  FROM  THE  GUN 
CAP  IN  TEST  AND  BEFORE  CAP  REMCM/AL  DURING  FLIGHT. 

The  TLM  monitor  of  high  voltage  is  a very  high 

INPUT  IMPEDANCE  AMPLIFIER.  THUS,  ALL  BLEEDER 
CURRENT  IS  RETURNED  TO  THE  POWER  SUPPLY  WITHOUT 
BEING  A PART  OF  THE  MEASURED  AND  CONTROLLED  BEAM 


A FUNCTIONAL  BLOCK  DIAGRAM  OF  THE  ELECTRON  GlIN 


35 


Control  Circuits  is  shown  in  Figure  10. 3.  The 

BASIC  ELEMENTS  OF  IHE  CONTROL  CIRCUITS  ARE:  (1)  A 
CURRENT-TO-VOLTAGE  AMPLIFIER  Al,  WITH  COMMAND' 
SWITCHED  GAIN,  (2)  A STROBED  COMPARATOR  AMPLIFIER 
A2,  TO  COMPARE  THE  OUTPUT  OF  Al  WITH  A LOW 
TEMPERATURE  COEFFICIENT  REFERENCE  VOLTAGE,  (3)  AN 
OPTICAL  ISOLATOR  TO  TRANSFORM  THE  BEAM  CONTROL 
SIGNAL  TO  THE  HIGH  VOLTAGE  LEVEL  OF  THE  GUN 
CONTROL  GRID,  AND  (4)  A FLOATING  GRID  DRIVER 
AMPLIFIER  AT,  In  ADDITION,  THERE  IS  A 4.5  DECADE 
LOGARITHMIC  ELECTROMETER  TO  MONITOR  THE  GUN  CAP 
CURRENT. 


WHEN  THE  BEAM  IS  ON,  THE  CONTROL  LOOP  IS  SUCH  THAT 
THE  OUTPUT  OF  Al  IS  FORCED  TO  THE  REFERENCE 
VOLTAGE  OF  6.4  V.  ANY  ERROR  VOLTAGE  BETWEEN  THE 
OUTPUT  OF  Al  AND  THE  REFERENCE  IS  AMPLIFIED 
THROUGH  Al,  THE  OPTICAL  ISOLATOR  A3,  AND  THE  GUN. 
The  GUN  BEAM  CURRENT,  E I TIER  FROM  THE  CAP  OR  FROM 
SKIN  RETURN  CURRENT  PASSES  THROUGH  TH!  OW  VOLTAGE 
POWER  SUPPLIES  TO  THE  OUTPUT  0r  A'.  'T  THROUGH 

THE  COMMAND"  SF  EC  TABLE  REEDBAi  RE  iGTOR  TO  TH! 

POSITIVE  RETURN  OF  THE  BEAM  ENERGY  SUPPLY.  THE 

LOOP,  THEREFORE,  TOLDS  THE  BEAM  CURRENT  TO  A VALUE 
EQUAL  TO  THE  REFERENCE  VOLTAGE  DIVIDED  BY  THE 
FEEDBACK  RESISTOR.  The  BEAM  MAY  BE  PULSED  BY 
STROBING  THE  COMPARATOR  AMPLIFIER  OFF  AND,  THUS, 
FORCING  THE  GUN  CONTRO  . GRID  TO  MAX! HIM  NEGATIVE 
VXTAGE.  THE  CONTROL  FEEDBACK  RESISTORS  ARE 

SELECTED  TO  PRODUCE  REAM  CURRENTS  OF  0.001,  0.01, 
0.1,  1,  6,  AND  13  mA. 


RING  CURRENTS  COULD  BE  PRESENT,  AND  IF  RETURNED  TO 
SIGNAL  GROUND  COULD  CAUSE  A SUBSTANTIAL  ERROR  IN 
ACTUAL  BEAM  CURRENT  LEAVING  THE  GUN. 

Within  the  dynamic  range  of  control  grid  voltage 

AVAILABLE  (±30  V WITH  RESPECT  TO  CATHODE)  THE  BEAM 
CURRENT  IS  CONTROLLED  WITHIN  2 PERCENT. 

10  4 OPERATIONAL  ASPECTS 

During  orbital  operations,  the  parameters  of  the 

ELECTRON  BEAM  CAN  BE  SET  BY  COMMAND  BEFORE  POWER 

is  supplied  to  SC4-1.  Flag  outputs  can  then  be 

USED  TO  VERIFY  THE  STATE  OF  SC4“1.  THE  FOLLOWING 
BEAM  VARIABLES  CAN  BE  COMMANDED  ENERGY  LEVEL, 
CURRENT  LEVEL,  DUTY  CYCLE,  AND  FOCUS 
CHARACTERISTICS,  In  ADDITION,  A SEPARATE 
VERIFIABLE  COMMAND  STATE  IS  AVA I l-ABLE  TO  TURN  THE 
BEAM  ON  AND  OFF.  A LIST  OF  THE  COMMAND  STATES  FOE 
EACH  OF  THE  VARIABLES  IS  GIVEN  BELCW: 

Beam  Current  level  (mA) 

13,  6,  1,  0.1,  0.01,  0.001 

Beam  Energy  Levels  (kV) 

3,  1.5,  0.5,  0.3,  0.15,  0.05 

Focus  SHARP,  MEDIUM,  DIFUSE 

Beam  Duty  Cycle  100%,  6,25?* 


* Beam  pulse  width  3.9  msec,  16  times  per  sec. 

ALTHOU3T  THE  BEAM  ENERGY  AND  BEAM  CURRENT  COMMAND 
STATES  CAN  BE  INDEPENDENTLY  SET,  NOT  ALL  THE 
COMBINATIONS  DERIVABLE  FROM  THESE  LISTS  CAN  BE 
OBTAINED.  THE  RESTRICTIONS  ARE  DUE  EITHER  TO 
SPACECRAFT  POWER  LIMITATIONS,  OR  TO  THE 
CHARACTERISTICS  OF  THE  ELECTRON  GUN.  Two  SPECIFIC 
EXAMPLES  ARE:  (1)  TO  AVOID  DRAWING  EXCESSIVE 
POM£R  FROM  THE  SPACECRAFT  POWER  SUPPLY.  THE  13  MA, 
3 KEV,  100?  DUTY  CYCLE  MODE  HAS  BEEN  LOCKED  OUT  AS 
AN  OPERATIONAL  MCDE,  (2)  CURRENTS  ABOVF  0.1  mA 
CANNOT  BE  EMITTED  BY  THE  ELECTRON  GUN  FOR  THE 
ELECTRON  ENERGY  OF  0.05  KEV. 

FlGURF  10.4  GIVES  AN  OVERALL  VIEW  OF  THE  COMMAND 
STATES  AVAILABLE  FOR  ELECTRON  ENERGIES  AND  BEAM 
CURRENTS,  AND  ALSO  SHOWS  THE  SC4*1  POWER 
REQUIREMENTS  FOR  THE  100?  DUTY  CYCLE  STATE. 


Note  that  the  anode  ring  is  returned  to  the 

VIRTUAL  GROUND  OR  THE  POSITIVE  RETURN  OF  THE  BEAM 
ENERGY  SUPPLY.  At  LOW  ENERGIES  SIGNIFICANT  ANODE 
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Bf  AM  CONTROL  COMMAND  SETTING 

Figure  10.4.  Power  Requirements  for  Electron  Beam  States 


11.  SC4-2  POSITIVE  ION  BEAM  SYSTEM 


11.1  SCIENTIFIC  OBJECTIVES 

Tft  Positive  Ion  Beam  System  payload,  SC4-2,  is  to 
BE  USED  CN  TFE  P78-2  SPACECRAFT  FOR  TFE  EJECTION 
OF  CHARGED  PARTICLES;  POSITIVE  ION,  ELECTRONS,  OR 
BEAMS  CONTAINING  BOTH  POSITIVE  ICNS  AND 
ELECTRONS.  Tit  PAYLOAD  IS  ELECTRICALLY  CONNECTED 
TO  Tit  P78-2  SPACECRAFT  GROUND  THROUGH  A LOW 
IMPEDANCE  PAIR  SO  THAT  TIC  EJECTION  OF  CHARGE  FROM 
SW-2  WILL  PLAY  A LARGE  ROLE  IN  DETERMINING  THE 
POTENTIAL  DIFFERENCE  BETWEEN  SPACECRAFT  GROUND  AND 
THE  AMBIENT  PLASMA.  A NUMBER  OF  DIFFERENT 
CHARGING  PROGRAMS  ARE  PLANNED  FOR  SCA-2,  SINCE  THE 
EJECTION  OF  POSITIVE  IONS  AND  ELECTRONS  CAN  BE 
COMMANDED  INDEPENDENTLY.  WHEN  SPACECRAFT  GROUND 
IS  AT  OR  FEAR  PLASMA  POTENTIAL,  Sft-2  CAN  BE  USED 
TO  DRIVE  SPACECRAFT  GROUND  EITHER  POSITIVE  OR 
ICGATIVC  BY  Tit  EJECTION  OF  ELECTRONS  OR  ICNS, 
RESPECTIVELY.  WHEN  THE  SPACECRAFT  GROUND 
POTENTIAL  IS  HIGHLY  NEGATIVE  WITH  RESPECT  TO  THE 
AMBIENT  PLASMA,  TWO  TECHNIQUES  WILL  BE  EMPLOYED  TO 
REDUCE  TIE  SPACECRAFT  GROUND  TO  AMBIENT  PLASMA 
POTENTIAL  DIFFERENCE:  (i)  THE  NEUTRALIZER 

FILAMENT,  AT  SPACECRAFT  GROUND  POTENT I AT  OR  BIASED 


WITH  RESPECT  TO  SPACECRAFT  GROUND,  WILL  BE  USED  TO 
EMIT  ELECTRONS;  (2)  A QUAS I “NEUTRAL  BEAM 
CONTAINING  BOTH  POSITIVE  IONS  AND  ELECTRONS  WILL 
EE  USED  AS  A LOW  IMPEDANCE  SOURCE  TO  HE  AMBIENT 
PLASMA.  A WIDE  DYNAMIC  RANGE  IN  EJECTED  PARTI CLE 
ENERGY,  BEAM  CURRENT,  AND  SOURCE  BIAS  WILL  ALLOW 
FOR  A STUDY  OF  THE  IMPORTANCE  OF  THESE  QUANTITIES 
IN  CONTROLLING  TFE  SPACECRAFT  GROUND  POTENTIAL, 

Table  11. 1 lists  the  various  modes  in  which  tfe 

PAYLOAD  CAN  BE  OPERATED.  IN  ADDITION,  VEHICLE 
POTENTIAL  CONTROL  WILL  BE  POSSIBLE  FOR 
PREDETERM  I fED  PERIODS. 

11.2  MEASURING  TECHNIQUE 

Payload  SCA-2  consists  of  tfree  units  integrated 

INTO  Oft  BOX:  A POWER  PROCESSOR  ASSEMBLY,  AN 

EXPELLANT  ASSEMELY , AND  AN  ION  SOURCE.  An 

INSTRUMENT  LIFE  DRAWING  IS  SHOWN  IN  FIGURE  11.1. 

Tfe  function  of  the  power  processor  electronics  is 

TO  RECEIVE  AND  CONVERT  TFE  POWER  AND  COMMANDS  FROM 
THE  SPACECRAFT  INTC  A FORM  TO  OPERATE  AND  CONTROL 
THE  ION  SOURCE,  PROVIDE  TELEMETRY  DATA,  AND  TO 

OPERATE  TFE  CONTROL  VALVE  OF  TFE  EXPELLANT 
ASSEMELY.  XENON  GAS  IS  STORED  IN  TIE  EXPELLANT 
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Table  11.1  Operational  Modes  of  SC4  2 


OF  T>€  CHAMbtK  TO  FOCUS  TV£M  INTO  A BEAM. 


t > the  plavma  potential 

b.  r > maintain  the  spa.  r.  raft  *r.uiu!  »t  plaema  potential 

v.  To  ..hartfe  the  vehicle  t a positive  potential  with  respect  t • plasma 
potential 

■i.  To  return  a i-.ithl*  negative  spat  r.  raft  g r »ind  to  plasma  p :enttal. 
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Figure  11.1.  Payload  Line  Drawing 


TANK.  WteN  THE  LATCHING  CONTROL  VALVE  IS  OPENED, 
XENON  FLOWS  THROUGH  A PRESSURE  REGULATOR,  AN 
EXPELLANT  Lite,  A POUROUS  FLUG,  AN  ELECTRICAL 
ISOLATOR,  AND  THEN  THROUGH  A HOLLOW  CATHODE  INTO 
THE  ION  CHAMBER.  Tte  REGULATOR  AND  Tte  TUNGSTEN 
POUROUS  PLUG  MAINTAIN  THE  FLOW  CF  XENON  AT  A 
CONSTANT  RATE  INDEPENDENT  OF  Tte  PRESSURE  IN  TFE 
RESERVOIR.  The  ISOLATOR  ALLOWS  THE  ION  SOURCE  TO 
EE  MAINTAIteD  AT  LARGE  POSITIVE  POTENTIALS  WITH 
RESPECT  TO  SPACECRAFT  GROUND  WHILE  KEEPING  TFE 
EXPELLANT  ASSEMBLY  AT  SPACECRAFT  GROUND . FIGURE 
li.2  ILLUSTRATES  DETAILS  CF  THE  ICN  CHAMBER  AND 
ITS  POWER  SUPPLIES.  ELECTRONS  ARE  PRODUCED  IN  THE 
HOLLOW  CATHODE  AS  A RESULT  CF  A DISCHARGE  CREATED 
IN  THE  REGION  BETWEEN  THE  KEEPER  AND  CATHODE. 

These  electrons,  while  flowing  to  the  cylindrical 

ANODE-  IONIZE  XENON  ATOMS  IN  THE  REGION  BETWEEN 
TFE  ANODE  AND  CATHODE.  An  ACCELERATOR  STRUCTURE 
OUTSIDE  THE  IONIZATICN  CHAMBER,  KEPT  AT  A NEGATIVE 
POTENTIAL  WITH  RESPECT  TO  SPACECRAFT  GROUND, 
PRODUCES  THE  ELECTRIC  FIELD  TO  DRAW  THE  IONS  OUT 


M 

ftf  w*. 


Figure  1 1 2.  Ion  Chamber  Block  Diagram 

A GROUNDED,  DOWNSTREAM  DECELERATION  DISK  REDUCES 
THE  PENETRATION  OUTSIDE  TFE  SPACECRAFT  CF  TFE 
ELECTRIC  FIELD  FROM  THE  ACCELERATOR  OR  ION 
SOURCE.  Tte  ENERGY  OF  THE  EJECTED  IONS, 
DETERMINED  BY  TFE  POTENTIAL  OF  THE  IONIZATICN 
CHAMBER,  IS  CONTROLLED  BY  TFE  BEAM  POWER  SUPPLY. 
Downstream  of  tfe  decelerator  grid  there  is  a 

FILAMENT  THAT  CAN  BE  FEATED  TO  PRODUCE  ELECTRONS 
AND  THAT  CAN  BE  BIASED  EITHER  POSITIVE  OR  NEGATIVE 
WITH  RESPECT  TO  SPACECRAFT  GROUND. 

Three  currents  measured  in  the  SCA-2  payload 

DETERMIte  TFE  SPACECRAFT  CHARGING  CONTROL,  (1)  TFE 
IONS  EJECTED  ARE  DIRECTLY  MEASURED  IN  TFE  BEAM 
POWER  SUPPLY,  (2)  TFE  ELECTRONS  EJECTED  FROM.  THE 
FILAMENT  NEUTRALIZER  ARE  MEASURED  DIRECTLY,  AND 
(3)  TFE  teT  CURRENT  LEAVING  TFE  SCA~2  PACKAGE  IS 
MEASURED.  TlE  NET  CURRENT  ELECTROMETER  PERMITS  A 
MEASUREMENT  CF  EMITTED  ELECTRON  OR  ION  CURRENT 
FROM  A LOW  OF  ONE^.A/fA  TO  A HIGH  OF  TFCyxA/FA. 

11.3  FUNCTIONAL  BLOCK  DIAGRAM 

Tte  Power  Processor  Assembly  functional  block 

DIAGRAM  IS  SHOWN  IN  FIGURE  II. 3.  INPUT  POWER  TO 

Tte  Power  Processor  Assembly  is  first  regulated  by 
A "buck"  SWITCHING  REGULATOR  THAT  CONVERTS  Tte 

unregulated  2A  to  32  V input  bus  voltage  to  a 
REGULATED  21  VDC.  An  INPUT  FILTER  IS  USED  TO 
PREVENT  THE  RIPPLE  CURRENT  GENERATED  BY  THE  LINE 
REGULATOR  FROM  APPEARING  ON  Tte  INPUT  POWER  LI  FES. 
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Figure  1 1 .3.  Power  Processor  Assembly 


Electrical  isolation  is  maintained  between  the 
INPUT  POWER  Lifts,  Tit  COMMAND  LlfES,  TELEMETRY, 
AND  T>£  OUTPUTS  CF  THE  VARIOUS  SUPPLIES.  Tit 
ISOLATION  OF  Tit  COFtWJD  Lifts  IS  OBTAINED  BY 
USING  RELAYS;  TIC  ISOLATION  BETWEEN  INPUT,  OUTPUT, 
AND  TELEMETRY  Lifts  IS  ACHIEVED  BY  USING  AN  OUTPUT 
TRANSFORMER  AND,  YHERE  REQUIRED,  INCLUDES  ISOLATED 
VOLTAGE-SENSE  WINDINGS  AND  A CURRENT  TRANSFORMER 
ON  Tft  PRIMARY  FOR  VOLTAGE  AND  CURRENT  TELEMETRY, 
RESPECTIVtLY. 


Tft  OUTPUT  CURRENT  LEVELS  OF  1>f  DISCHARGE  SUPPLY 
ARE  SET  BY  LEVELS  I,  II,  AND  III  COMMAND  SIGNAL  TO 


LATCHING  RELAYS  IN  THE  "DISCHARGE  OUTFUT  CURRENT" 

block.  Voltage  and  current  T/M  signals  for  both 

SUPPLIES  ARE  TRANSFORMER- ISOLATED. 

11.4  OPERATIONAL  ASPECTS 

Tft  ION  SOURCE  OF  S02  IS  ENCLOSED  IN  VACUUM 
HOUSING,  WHICH  PERMITS  TESTING  OF  Tft  INSTRUMENT 
DURING  SATELLITE  INTEGRATION.  In  ORBIT  THIS  CAP 
IS  SWUNG  OPEN  BY  A SQUIB-ACTIVATED  RELEASE 
ftCHANISM.  Tft  ION  SOURCE  IS  STARTED  BY  FIRST 
OPENING  THE  LATCHING  VALVE  DOWNSTREAM  CF  THE  GAS 
RESERVOIR,  THEREBY  STARTING  T>t  XENON  GAS  FLOW. 

After  Tft  cathode  is  heated,  a high  voltage  is 

APPLIED  TO  Iff  KEEPER  STARTING  A KEEPER  CATHODE 
DISCHARGE;  THIS  IN  TURN  STARTS  AN  ANODE” TO" CATHODE 
DISHCARGE,  TURNS  Tft  HEATER  CURRENT  OFF,  AND 
REDUCES  Tft  KEEPER  VOLTAGE.  AFTER  A DISCHARGE  HAS 

BEEN  STARTED,  ENERGETIC  IONS  CAN  BE  EJECTED  BY 
COMMANDING  THE  BEAM  VOLTAGE  TO  Oft  OF  TWO  POSITIVE 
LEVELS.  The  ftUTRALIZER  CAN  BE  INDEPENDENTLY 
STARTED  TO  EMIT  ELECTRONS  AND  CAN  BE  BIASED  WITH 
RESPECT  TO  SPACECRAFT  GROUND.  SINGLY" I ON  I ZED 
XENON  IONS  CAN  BE  EMITTED  WITH  ENERGY  OF  EITHER 
ONE  OR  TWO  KEV.  At  EACH  OF  THESE  ENERGIES,  THREE 
CURRENT  LEVELS  CAN  BE  OBTAINED  IN  Tft  RANGE  FROM 
APPROXIMATELY  0.3  mA  TO  2 mA.  The  NEUTRALIZER  CAN 
BE  SET  TO  EMIT  IN  FIVE  CURRENT  RANGES  FROM  2 mA  TO 
2^.A,  AND  CAN  BE  BIASED  EITHER  POSITIVE  OR 
NEGATIVE  WITH  RESPECT  TO  SPACECRAFT  GROUND  AT  FIVE 
VOLTAGES  FROM  ID  V TO  ONE  KV  (TABLE  11.1).  To 
INCREASE  Tft  DYNAMIC  RANGE  A CURRENT  OF  ID  A 
XENON  IONS  CAN  BE  EMITTED  FROM  THE  ION  SOURCE  WHEN 
Tft  CATHODE-TO-ANODE  DISCHARGE  IS  OUT  AND  THE 
CATHODE-TD-KEEPER  DISCHARGE  IS  ON. 


12.  SC5  RAPID  SCAN  PARTICLE  DETECTOR 


12.1  SCIENTIFIC  OBJECTIVES 

Tft  Rapid  Scan  Particle  Detector  will  feasure  the 

FLUX  CF  ELECTRONS  AND  IONS  INCIDENT  TO  THE 
SPACECRAFT  IN  DIRECTIONS  PERPENDICULAR  AND 
PARALLEL  TO  Tft  SPIN  AXIS  CF  Tft  SATELLITE.  THESE 
FEASUREMENTS  WILL  ENABLE  RESEARCHERS  TO  BETERMIft 
Tft  NUMBER  DENSITY,  TEMPERATURE,  AND  BULK  FLOW  CF 
Tft  PLASMA  AND  Tft  RELATIONSHIP  OF  TfESE 
QUANTITIES  TO  Tft  OCCURRENCE  OF  SPACECRAFT 
CHARGING.  IN  ADDITION,  SC5  WILL  BE  USED  TO 
MONITOR  Tft  RESPONSE  OF  Tft  FLASMA  TO  TFE 


OPERATION  OF  Tft  ELECTRON  AND  POSITIVE  ION  BEAM 

System,  Stt,  and  to  provide  a synoptic  survey  cf 

THE  PLASMA  CHARACTERISTICS  AS  A FUNCTION  CF  LOCAL 
Tift,  ALTITUDE,  AND  GEOMAGNETIC  CONDITIONS. 

12.2  MEASURING  TECHNIQUE 

Tft  Rapid  Scan  Particle  Detector  is  comprised  of 

TWO  SETS  CF  SPECTROMETERS  MOUNTED  PERPENDICULAR 
AND  PARALLEL  TO  Tft  SPIN  AXIS  OF  Tft  SATELLITE. 

Each  set  cf  spectrometers  consists  of  eight 
SENSORS.  Four  ftASURE  ELECTRONS  and  four  measure 
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ions.  These  sensors  au.uk  a deti  uminatIi*.  i :n 

DIFFERENTIAL  FLUX  IN  THE  ENERGY  RANGE  FROM  50  FV 
TO  1.1  MeV  IN  ELECTRON;  ALT)  50  E V TO  33  MeV  IN  TH' 
IONS. 


AI  VANTAGE  (>  :i  / ' INC  FATIGl  If,  C'INTE  TH  FAT  IGUf 
If  A J TH  TCTA  CHANGE  REMOVED  FILM  TIE 

S£M  AND  NUT  I»l  iMU  ATLD  CLINTS. 


For  particles  kith  energies  . ess  than  60  keV  th 

FLUX  DETERMINATION  IS  MALI  US!N(  TKU,  SETS  <f 
ELECTROSTATIC  ANALYZERS;  ONE  SET  FOP  FART  ICE  EL  IN 
TEE  RANGE  FROM  50  EV  TO  1.7  REV  AND  Uf€  Sr  FCk 
PARTICLES  IN  THE  RANGE  FROM  1.7  KEV  TO  60  KEV.  In 
EOTH  SETS,  TEE  ENERGY  DISCRIMINATION1  I: 
ACCQMFLISEED  USING  A THREE'PLATE  CYLINDRICAL 
ELECTROSTATIC  ANALYZER  (ESA I AS  SHOWN  IN  FIGURE 

12. 1,  By  grounding  the  outer  hates  and  stepping 

ThE  CENTER  PLATE  THROUGH  FOUR  IEGATIVE  VOLTAGES, 
THE  INSTRUMENT  SIMULTANEOUSLY  ANALYZES  Tit 
ELECTRON  FLUX  USING  THE  INNER  PLATES  AND  I Oft: 
USING  TEE  OUTER  PLATES. 
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Figure  12.1.  Cylindrical  Electrostatic  Analyzer 


I hi  COUNT*  AM.  ( KSlf  VLb  JN  EAC>i  vU.TAU  STEP  AFTEP 
AN  ACC  UMU  AT  I (/•  INTERVA;  OF  200  MSEC.  In 
ADDITICN,  IN  EACH  ELECTROSTATIC  ANALYZE!  TIE 
CCINT3  AH  LAD  OUT  KITH  ZERO  VO(  TAGC  Cf.  TH 
CENTER  M.  ATI . 7 HIS  PROVIDES  A MEASURE  CE  TIE 
BACKGROUND.  IN  TaHL  12.1.  THE  ENERGY  RANGES  FOR 
EACH  CHANNEJ  ARE  LISTED.  TlE  ANALYZERS  HAVE  AN' 
ACCEPTANCE  CONE  OF  7 BY  5 DEC  AND  TlE^  INTEGRATED 
GEOMETRIC  FACTOR  OF  10"^  AND  i0'i  Cn  * STER 
FOP  ELECTRONS  AND  IONS,  RESPECTIVELY. 


Table  1?  1 ESA  Energy  Detection  Ranoes 


ESA 

Energy 

Channel 

Energy  Detecti 

>n  Ranges  (ke V ) 

Low 

Energy 

ESA 

High 

Ene  rgy 

ESA 

O 

background 

backg  round 

i 

O.OS-O. 12 

1 . 70-4.  >0 

> 

O.  12-0.  30 

4. 20- 10. 2 

3 

O. 30-0. 70 

10. 2-25. 0 

4 



O.  70-1 . 70 

25.  O-oO. 0 

For  PART  I CLES  WITH  ENERGIES  GREATER  THAN  60  KEV, 
THE  FLUX  MEASUREMENT  IS  MALE  USING  SOLID  STATE 

Spectrometer  (SSS)  subassemblies  as  shown  in 
Figure  12.2.  Energy  analysis  in  these 

SPECTROMETERS  IS  ACCOMPLISICD  EY  TOTALLY  DEPLETED 
SILICON  SURFACE  BARRIER  SOLID"  STATE  DETECTORS. 


Tic  PARTICLES  ARE  DETECTED  EY  A SPIRALTROM 
Electron  Multiplier  (SEM)  at  the  output  cf  the 

CURVED  PLATES.  TlC  FRONT  END  OF  TIC  ELECTRONS  AND 
ION  SEMs  ARE  BIASED  AT  +500  V AND  "500  V, 
RESPECTIVELY.  LOW  ENERGY  PARTICLES  ARE 

ACCELERATED  BY  THESE  VOLTAGES  TO  ENSURE  THEIR 
EFFICIENT  DETECTION  BY  T>C  SEM. 

The  SEMs  have  a nominal  operating  voltage  of  3000 
V.  Tic  output  ends  of  the  SEMs  are,  tfcrefcre, 
BIASED  NOMINALLY  AT  +3500  AND  +2500  V, 

RESPECTIVELY,  FCR  ELECTRONS  AND  IONS.  TlC  BIAS 

VOLTAGE  IS  COmANDlABLE  TO  ANY  OF  SIXTEEN  SEPARATE 

levels.  This  arrangement  allows  tec  SEM  to  be 

BIASED  INITIALLY  AT  FAIRLY  LCM  VOLTAGES  (LOW  GAIN) 
AND  TO  INCREASE  TIC  BIAS  VOLTAGES  (AND  GAINS)  IF 
GAIN  FATIGUE  IS  EXPERIENCED.  THIS  HAS  THE 
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Figure  12.2.  Solid  State  Spectrometer 


TlCSE  DETECTORS  PRODUCE  A CHARGE  PULSE 
PROPORTIONAL  TO  THE  INCIDENT  PARTICLE'S  ENERGY. 
Tic  CHARGE  PULSE  IS  CONVERTED  TO  A VOLTAGE  BY  A 
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LCW  NOISE  CHARGE-SENSITIVE  PREAMPLIFIER.  THIS 
VOLTAGE  IS  TFEN  AMPLIFIED  AND  FED  TO  A THRESHOLD 
DETECTOR. 

IN  EACH  SOL  ID-STATE  SPECTROMETER  TVERE  ARE  TWO 
SOLID-  STATE  DETECTORS  ARRANGED  IN  SERIES.  FOR  A 
GIVEN  THRESHOLD  VOLTAGE  THIS  CONFIGURATION  ALLOWS 
TFE  S1MILTANEOUS  MEASUREMENT  OF  TIE  FLUX  CF 
PARTICLES  IN  TWO  ENERGY  RANGES.  A LOGIC  WINDOW  IS 
INCLUDED  SUCH  THAT  IF  A PUSE  IS  OBSERVED  ON.Y  IN 
THE  FRONT  DETECTOR  (ANT1C01NCIEENT)  IT  IS  ASSIGNED 
TO  A LOW  ENERGY  BIN,  WHILE  IF  A PULSE  IS  OBSERVED 
SIMULTANEOUSLY  IN  BOTH  DETECTORS  (COINCIDENT)  TIE 
PULSE  IS  ASSIGfED  TO  A HIGH  ENERGY  BIN. 

TfE  ELECTRON  AND  PROTON  SOLID  STATE  SPECTROMETERS 
ARE  VERY  SIMILAR.  Tl€  PRINCIPAL  DIFFERENCES  ARE 
THE  following: 

1.  For  the  front  solid-state  detectors  tie 

ELECTRON  SENSOR  i A THICKNESS  CF  30fyiM  AND 
AN  AREA  OF  50  .l/  WHILE  TIE  PROTON  INIT  HAS 
A THICKFESS  CF  10/LM  AND  AN  AREA  OF  25  FW^. 
Both  rear  detectors  have  a thickness  of  300^.m 
AND  AN  AREA  OF  100 

2.  Tit  electron  sensor  uses  Sn^  ^ m 

IN-FLIGHT  CALIBRATION  SOURCE  WHILE  TIE  ION 
SENSOR  USES  AfT^  DEGRADED  BY  A NICKEL  FOIL. 

3.  A THIN  ALUMIMMUM  FOIL  (2.1  FM)  IS  USED  IN 
FRONT  CF  HE  ELECTRON  UNIT  TO  ELIMINATE 
PROTONS  WITH  ENERGIES  LESS  THAN  25C  KEV. 

A.  SwEEPIFC  MKSNETS  ARE  USED  IN  FRONT  OF  TIE 
PROTON  UNIT  TO  PREVENT  LOW  ENERGY  ELECTRONS 
FROM  REACHING  TIE  DETECTORS . IlE  USE  OF  A 
VERY  THIN  FRONT  DETECTOR  REQUIRES  THAT  OM.Y 
ELECTRONS  WITH  ENERGIES  LESS  THAN  <C  KE V BE 
ELIMINATED.  HIGHER  ENERGY  ELECTRONS  WILL  PASS 
THROUGH  TIE  FRONT  DETECTOR  WITHOUT  DEPOSITING 
SUFFICIENT  ENERGY  TO  PRODUCE  A FALSE  COUNT. 

5.  Tie  electron  SSS  contains  an  additional  fixed 

THRESHOLD  DISCRIMINATOR  AND  ONE-SHOT,  WHICH 
ARE  USED  TO  ACTIVATE  TIE  AUTOMATIC  ESA  POWER 
SHUTDOWN  CIRCUITRY  DURING  PERIODS  CF 
EXCESSIVELY  LARGE  ELECTRON  FLUX  LEVELS. 


6.  The  electron  SSS  has  an  added  absorber  between 
THE  TWO  DETECTORS  TO  IMPROVE  THE  SPECTRAL  DATA 

at  1 feV.  This  configuration  gives  an 

ADDITIONAL  INTEGRATED  MEASUREFENT  FOR 
ELECTRONS  ABOVE  1.1  ftV. 


As  IN  THE  ELECTROSTATIC  ANALYZER,  THE  SOLID  STATE 
SPECTROMETER  ACCUMJLATES  COUNTS  FOR  200  MSEC  IN 
EACH  ENERGY  CHANNEL.  In  THE  SSS's  FASTEST  S>€EP 
RATE,  TTC  FLUX  IS  MEASURED  CONSECUTIVELY  IN  FIVE 
ENERGY  CHANNELS  FOR  BOTH  CO  1 1C  1 DENT  AND 

ANTICOINCIDENT  PARTICLES.  In  THIS  OPERATING  MODE. 
THE  SSSs  RETURN  A TOTAL  OF  TEN  DIFFERENTIAL  FLUX 
MEASUREMENT  FOR  ELECTRONS  AND  IONS  SIFULTANEOUSLY 
EACH  SECOND.  THE  GEOFETRIC  F/CTOR  FOR  THE 
ELECTRON  AND  ION  SOLID-STATE  SPECTROMETERS  ARE  3.5 
X 10  CF?-SR  AND  2 X ID  CFT'SR  RE- 

SPECTIVELY. The  ENERGY  RANGE  FOR  EACH  CHANNEL  IS 

listed  in  Table  12.2. 


Table  12  2 Energy  Detection  Ranges 


Electron  Solid  Slat*  Spectrometer 


Channel 

Designation 

E Energy 
Loss  Range 
(krV  1 

Electron  Detection 
Energy  Range 
IkeVi 

Proton  Contaminant 
Range 

IkeV  I 

Mode 

Typ* 

KAO 

24  41 

30-44 

299-270 

.... 

FA  1 

4 1 -6  7 

4‘  .70 

270-290 

l A 2 

6 7 1 IK 

70-120 

290-330 

EA3 

1 1 H 100 

120-440 

330-364 

i iM 

If, 8-  TOO 

170- 264 

364. 4 JO 

ECO 

24  41 

H40-- 

.-nine 

PCI 

4 l 67 

980. 1100 

rainr 

FC2 

t>7  1 IH 

70  940 

anti 

EC  3 

• 

«40.- 

single 

Frr 

980  MOO 

•ingle  ( 

Proton  Solid  State  Spectromete  r 


Channel 

Designation 

E Energy 

Lost  Range 

(keVI 

Proton  Detection 
Energy  Range 
(keVI 

' 

Mode 

Type 

PAO 

30-60 

70-100 

anti 

P A 1 

60- 120 

1 00  - 1 64 

anti 

PA  2 

120-240 

Ib4  290 

anti 

PA  3 

240  410 

290-440 

anti 

PA  4 

410-740 

440-729 

anti 

PCO 

30-60 

14000-34000 

coinc 

PCI 

bO  120 

oOOO- 14000 

coinc 

PC  2 

120-240 

2400-6000 

coinc 

PC  3 

24O.4I0 

1200-2400 

coinc 

PC  4 

410-740 

724-1200 

coinc 

12.3  FUNCTIONAL  BLOCK  DIAGRAM 

Figure  12.3  is  a functional  block  diagram  of  the 
Rapid  Scan  Particle  Spectrometer.  The  system 

CONSISTS  BASICALLY  OF  EIGHT  SENSOR  COFf>ONENTS; 
FOUR  ELECTROSTATIC  ANALYZER  ASSEFBLIES  AND  FOUR 
SOLID"  STATE  SPECTROFETER  ASSEFBLIES.  Two 
ELECTROSTATIC  ANALYZER  ASSEFBLIES  AND  TWO 
SOLID-STATE  SPECTROFETER  ASSEFBLIES  ARE  ORIENTED 
TO  LOOK  PARALLEL  TO  THE  SPIN  AXIS  AND  AN  IDENTICAL 
SET  IS  ORIENTED  TO  LOOK  PERPENDICULAR  TO  THE  SPIN 
AXIS. 


1 
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Each  ELECTROSTAT!r  ANALYZER  ASSEMBLY,  SINCE  IT 

DETECTS  BOTH  IONS  AND  ELECTRONS,  RETURNS  TWO 
MEASUREMENTS  IN  EACH  200  MSEC  ACCUMLLATION 

interval.  Similarly,  the  solid  state 

SPECTROMETERS  RETURN  BOTH  A COINCIDENT  AND 

ANTI  COINCIDENT  MEASUREMENT  EACH  200  MSEC.  A TOTAL 
CF  16  MEASUREMENTS  ARE  MADE  IN  : ACH  200  MSEC 
BLOCK.  In  TIE  INSTRUMENT'S  HIGHEST  SCAN1  RATE,  A 
COMPLETE  SPECTRAL  SAMPLE  CONSISTING  OF  80 

MEASUREMENTS  IS  RLTURNED  EACH  SECOND.  In 

ADDITION-  THERE  IS  A PAM  MULTIPLEXER  AND  SIGNAl 

processor.  This  allows  any  given  channel  to  be 

SAMPLED  EVERY  2A0  MSEC. 

. -♦  S'  MUNi'Hr 

""  S' VS  ' t. 


S.INItH.  , 
•V-  "i*  ' 


Figure  12.3  Control  Circuits 


Tee  remaining  components  cf  t>£  instrumei.t  are: 

1.  A COMPRESSION  counter  where  tee  count  rates 
ARE  COMPRESSED  SO  AS  TO  MINIMIZE  TEE  TELEMETRY 
REQUIREMENTS. 

2.  Tee  control  circuitry  that  assigns  tee 
OPERATING  MODES  FOR  THE  ESAs  AND  SSSs  AND 


OONTROLS  TEE  TRANSFER  OF  TEE  DIGITAL  DATA  FROM 
TEE  INSTRUMENT  TO  TEE  SATELLITE  DATA  HANDLING 
SYSTEM. 

3.  Tee  ESA  power  oontroi  circuitry  that  provides 

FOR  AN  AUTOMATIC  SHUTOFF  OF  TEC  ESAs  IF  THE 
COLNT  RATES  REACH  A LEVEL  THAT  COULD  CAUSE 
PREMATURE  DEGRADATION  OF  TEE  CHANNEL  TRON 
ELECTRON  MULTIPLIER  GAINS. 

r.  The  DC-to-DC  converter,  power  distribution, 

AND  MONITOR  SUBSYSTEM  THAT  CONTAINS  TEE  HIGH 
VOLTAGE  POWER  SUPPLIES,  DC-TO-DC  CONVERTER, 
AND  ANAlOG  VOLTAGE  AND  TEMPERA  TIRE  MONITORS. 

12.4  OPERATIONAL  ASPECTS 

Tee  INSTRUMENT  IS  DESIGNED  SUCH  TEIAT  TEE  NUMBER  OF 
CONSECUTIVE  200  MSEC  READOUTS  IN  ANY  CHANNEL  CAN 
H CHANGED  EY  COMMAND.  TeE  ESAc  AND  SSSs  CAN  BE 
CONMANDED  INDEPENDENTLY  TO  DWELL  FOR  I,  2,  A,  8 
...  UP  TO  236  CONSECUTIVE  READOUTS  OR  CAN  BE 
ASS]  NED  TO  DWELL  CONTINUOUSLY  IN  ANY  Oft  CHANNEL  . 

Te:  HIGH  TIME  RESOLUTION  BROADBAND  DATA  AVAILABLE 
USING  TEE  PAM  MULTIPLEXER  IS  CONTROLLED  SEPARATELY 
FROM  TEE  DIGITAL  DATA,  TlERE  ARE  A3  SEPARATE 
SUBCOM-iUTATED  COMMANDS  FGk  TEE  BROADBAND  DATA. 
Tee  BROADBAND  DATA  CAN  BE  READ  OUT  OF  ONLY  ONE 
CHANNEL  AT  A TIME,  HOWEVER,  THE  LARGE  NUMBER  CF 
SUBCOM'IUTATED  CORMANDS  PROVIDES  VERSATILITY  IN  TEE 
WAY  IN  WHICH  THE  INSTRUMENT  SEQUENCES  THROUGH  THE 
VARIOUS  CHANNELS.  TtE  BROADBAND  CAN  BE  SET  TO 
SAMPLE  A GIVEN  CHANNEL  OR  A GIVEN  DETECTOR  OR  TO 
CYCLE  THROUGH  ALL  TEE  CHANNELS  IN  COMBINATIONS  OF 
DETECTORS . 


13.  SC6  THERMAL  PLASMA  ANALYZER 


13  1 SCIENTIFIC  OBJECTIVES 

The  SC6  thermal  Plasma  Analyzer  is  intended  to 

fEASURE  TEE  AMBIENT  TEERMAL  R.ASMA  AND  TEE 
ELECTROSTATIC  POTENTIAL  CF  THE  SATELLITE  KITH 
RESPECT  TO  TEE  AMBIENT  FLASMA.  ThE  ION  DENSITY  IS 
MEASURED  IN  TEE  RANGE  101  TO  10^  PER  AND 
TEE  ELECTRON  DENSITY  IS  MEASURED  IN  THE  RANGE  OF  1 
TO  10^  Cm3.  PARTI  OLE  TEMPEkATLRE  IS 

MEASURED  FROM  0.5  EV  TO  100  EV.  Tee  SATELLITE 
POTENTIAL  IS  NEASURED  IN  TEE  RANGE  OF  “ICC  V TO 
+ 100  V.  [N  ADDITION,  TEE  I NSTRIMENT  MOUNTED  ON 


TEE  SATELLITE  BODY  WILL  MEASURE  TEE  FLUX  OF 
PHOTOELECTRONS  FRCM  THE  SATELLITE. 

ThE  MEASUREMENTS  OF  TEE  TfERMAL  PLASMA  ANALYZER 

WILL  BE  USED  IN  TEE  FOLL  OWING  MANNER.  By 

COMPARING  THESE  RESULTS  WITH  TEE  SC5  AND  SG 

PARTICLE  MEASUREMENTS , TEE  REL ATI V£  CONTRIBUTIONS 
a TEERMAl  PLASMA  AND  SUPRA- TEERMAL  PLASMA  TO  TEE 
SATELLITE  POTENTIAL  KILL  BE  DETERMINED.  CHANGES 

IN  TEE  SATELLITE  POTENTIAL  INDUCED  BY  OPERATION  OF 

the  SCA  Positive  Ion  System-  will  be  measured 

ACCURATELY.  TeE  GEOFHYSI-  ■ CHARACTERISTICS  OF 
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THE  THERMAL  PLASMA  ASSOCIATED  WITH  THE 
PLASMAS  FHERE , PLASMAPAUSE,  AND  ISOLATED  REGIONS  OF 
THERMAL  FLASMA  IN  Tit  MAGNETOSPHERE  WILL  BE 
STUDIED.  IN  PARTICULAR,  INSTABILITIES  IN  TPE 
THERMAL  PLASMA  ASSOCIATED  WITH  VLF  WAVES  WILL  BE 
STIDIED. 

13.2  MEASURING  TECHNIQUE 

Tee  SC6  Tpermal  Plasma  Anaylzer  consists  of  tpree 

IDENTICAL  INSTRUMENTS,  WHICH  ARE  PLANAR  PARTICLE 

traps.  Two  instruments  are  mooted  at  tpe  end  of 
A 3-m  bocm  perpendicular  to  tpe  spacecraft  spin 
axis.  Tpe  otper  instriment  is  mooted  on  tie  +X 

END  OF  TPE  SPACE  VEHICLE.  TfE  SURFACE  NEAR  TPE 
BODY-MOOTED  INSTRUMENT  AND  ONE  OF  TPE 
BOOM- MOUNTED  I NSTRIMENTS  IS  PARALLEL  TO  TPE  X~AXIS 
OF  TPE  SATELLITE,  WHICH  IS  ALSO  TPE  SATELLITE'S 

spin  axis.  Tpe  other  boom-mounted  instriment  has 

TPE  VECTOR  NORMAL  TO  TPE  APERTURE  DIRECTED 
RADIALLY  OUT  FROM  TPE  X~AXIS.  The  ARRANGEMENT  CF 
TPE  INSTRUMENTS  CN  TPE  SATELLITE  IS  SHOWN  IN 

Figure  2.2. 

Tpe  IPCTRUMENTS  ARE  STANDARD  FLANAR  PARTICLE  TRAPS 
WITH  TPE  ABILITY  TO  FUNCTION  AS  RETARDING 

potential  analyzers  (RPA)  and  are  spown  in  Figure 
13.1.  Tpe  instruments  have  a cylindrical  baffle 

MOUNTED  IN  FRONT  CF  EACH  APERTURE.  TpE  PURPOSE  OF 
THIS  BAFFLE  IS  TO  MINIMIZE  TPE  COLLECTION  OF 
PHOTOELECTRONS  FROM  PARTS  CF  THE  SPACE  VEHICLE 
NEAR  TPE  APERTURE.  IDEALLY,  TPE  OM_Y 
FPPOT OEL ECTRONS  MEASURED  WILL  BE  TPCSE  THAT  HAVE 
BEEN  RETURPED  TO  TPE  VEHICLE  BY  TPE  SATELLITE 
POTENTIAL.  TPE  BAFFLE  PROVIDES  AN  UNRESTRICTED 
FIELD  OF  VIEW  30  DEG  WIDE;  TPE  FULL- 
WIDTH-AT-HALF-MAX  FIELD  OF  VIBV  IS  60  DEG  WIDE. 

Tpe  internal  parts  cf  tpe  instruments  consist  cf 

TWO  APERTURE  GRIDS,  TWO  RETARDING  POTENTIAL  GRIDS, 
A PHOTOELECTRCN  SUPPRESSOR  GRID,  AND  A COLLECTOR 

plate.  All  tpe  grids  are  made  of  43  by  AO  wires 

TO  TPE  INCH  MESH  CF  1 MIL  DIAMETER,  GOLD-PLATED 
TUNGSTEN  WIRE. 

WPEN  IONS  ARE  TO  EE  COLLECTED,  TPE  CELL  ECTOR  IS 
f£LD  AT  -10CV  WITH  RESPECT  TO  TPE  RETARDING 
TOTENTIAL  AND  TPE  RETARDING  POTENTIAL  GRIDS  ARE 
STEPPED  THROUGH  A SEQUENCE  CF  THIRTEEN  POTENTIALS: 

-20  V,  -10  V,  0 V,  +1  V,  +2  V,  +3  V,  +4  V.  +5  V, 
+10  V,  +30  V,  +50  V,  +70  V,  +100  V.  When 


ELECTRONS  ARE  TO  BE  COLLECTED,  TPE  PCX  ARITIES  CF 
TPE  POTENTIALS  ON  TPE  COLLECTOR  PLATE  AND  THE 
RETARDING  GRIDS  /«E  REVERSED.  At  ALL  TIMES,  TPE 
SUPPRESSOR  GRIDS  ARE  HELD  AT  "50  V WITH  RESPECT  TO 
THE  POTENTIAL  CN  TPE  COLLECTOR  PLATE.  BASED  ON 
GROUND  COMMANDS,  TPE  TWO  INSTRUMENTS  ON  TPE  BOCM 
CAN  COLLECT  IONS  OR  ELECTRONS,  AND  SIMILARLY,  TPE 
BODY- MOUNTED  INSTRLMENf  CAN  BE  COMMANDED  TO 
COLLECT  ICNS  OR  ELECTRONS. 


.SiNSOR  MOUNTING 
/ HANOI 

PPRPfNOICUUR 
, BOOM  SINSOR \ 


2 'i 
1 j 13  b64  m 
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BOOM  SINSOR 


SURFACE  SENSOR 

vtg  flange 

APERTURE  GRID 
STEPPED  GRID 
SUPPRESSOR  GRID 
COLLECTOR  PLATE 


CONNECTOR  TO 
ELECTRONICS  PACKAGf 


Figure  13.1 . Retarding  Potential  Analyzer 

After  a sequence  of  retarding  potentials  has  been 

APPLIED,  THE  RETARDING  GRIDS  ARE  HELD  AT  0 V WITH 
RESPECT  TO  EXPERIMENT  BIAS  POTENTIAL  FOR  A WHILE 
TO  MEASURE  DENSITY  FLUCTUATIONS.  To  FURTHER  STUDY 
DENSITY  VARIATIONS,  IT  IS  ALSO  POSSIBLE  TO  STOP 
TPE  OPERATING  CYCLE  BY  GROUND  COMMAND  AT  ANY  POINT 
IN  TPE  CYCLE. 

Tpe  CURRENTS  FROM  TPE  INSTRUMENTS  ARE  MEASURED  BY 
LINEAR,  RANGE  SWITCHING  ELECTROMETERS.  EACH  RANGE 
COVERS  CNE  DECADE  OF  INPUT  CURRENT  AND  TPE  MAXIMUM 
AND  MINIMUM  CURRENTS  THAT  CAN  BE  MEASURED  ARE 
10'®  AMPS  AND  10-13  AMpSi  AS  TPE  OUTPUT  FROM 
THE  ELECTROMETER  APPROACHES  TPE  MAXIMUM  OR  MINIMUM 
WITHIN  A RANGE  TPE  ELECTROMETER  IS  AUTOMATICALLY 
SWITCPED  TO  TPE  PEXT  RANGE  IF  TPE  OUTPUT  STAYS 
PEAR  TPE  MAXIMUM  CR  MINIMUM  FOR  MORE  THAN  375 
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MSEC.  TlE  OUTPUT  OF  EACH  CF  TEE  ELECTROMETERS  IS 
PICKED  UP  BY  T>£  DIGITAL  ENCODER  8 TIMES  PER 
SECOND. 

13  3 FUNCTIONAL  BLOCK  DIAGRAM 

Tie  functions  cf  the  SC6  Thermal  Plasma  Analyzer 
are  shown  in  Figure  13.2.  Tie  principal  operating 

ELEMENTS  AND  TIE  SWITCHES  BETWEEN  THEM  ARE  SHOWN 
AS  PART  CF  TIE  "WIRING"  DIAGRAM.  TlE  OONMANDS  FOR 
CHANGING  TIE  OPERATING  STATUS  CF  TIE  INSTRUMENTS 
AND  TIE  MEANING  OF  TIE  CONMANDS  ARE  SHOWN  IN  TVE 
BLOCKS  ON  THE  LEFT  OF  THE  DIAGRAM. 

The  BIAS  VOLTAGE  THAT  CAN  BE  APPLIED  UPON  GROUND 
COFWAND  PLACES  A POTENTIAL  DIFFERENCE  BETWEEN  THE 
INSTRUMENT  REFERENCE  LEVEL  AND  TIE  SPACECRAFT 
ELECTRICAL  GROUND.  THUS  AN  APPLIED  VOLTAGE  CF 
+100  V WITH  A BIAS  VOLTAGE  OF  +50  V BECOMES  A NET 
POTENTIAL  OF  +150/  WITH  RESPECT  TO  SPACECRAFT 
GROUND. 


RANGE  OF  0 V TO  5 V,  GOES  TO  TIE  DIGITAL  ENCODER 
TO  BE  CONVERTED  INTO  8~BIT  WORDS  ALCNG  WITH  AN 

8-bit  word  indicating  tie  range  level.  Tie  data 

TIEN  BECOMES  PART  OF  TIE  TELEMETRY  STREAM. 

13  4 OPERATIONAL  ASPECTS 

THE  EIEER1MENT  USES  NIIE  COMMANDS  TO  CONTROL  ITS 
FUNCTIONS.  CcMBI  NATIONS  CF  THE  FIRST  TIEEE 
COMMANDS  SET  TIE  INSTRUMENTS  INTO  ICN  OR  ELECTRON 
GATHERING  MODES.  COMBINATIONS  CF  TIE  IEXT  FOIE 
SET  TIE  EXPERIMENT  BIAS  VOLTAGE.  TlE  LAST  TWO 
COMMANDS  TURN  TIE  EXPERIMENT  SEQUENCE  CLOCK  ON  AND 
OFF.  Tie  SELECTION'  CF  COMMANDS  WILL  BE  MADE  ON 
TIE  BASIS  OF  : (1)  OPERATION  OF  SC1!  I ON  AND 

Electron  Beams,  (2)  realtime  geophysical  activity 
AS  DETERMINED  FRCM  REALTIME  ANALYSIS  OF  P78'2 
SPACECRAFT  DATA  AND  GROUNErBASED  OBSERVATIONS,  AND 
(3)  KNOWLEDGE  OF  TIE  INTERACTION1  CF  TIE  P78~2 
SPACECRAFT  WITH  ITS  ENVIRONMENT  BASED  ON  REALTIME 
(OR  NEARLY  REALTINE)  ANALYSIS  OF  SC6  DATA. 


Tie  outfut  from  he  electrometers,  which  is  in  tie 


PARALLEL 

BOOM 

SENSOR 


parallel 

SURFACE 

SfNSOR 


MON 

Figure  13.2.  Functional  Diagram 
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14.  SC7  LIGHT  ION  MASS  SPECTROMETER 


14.1  SCIENTIFIC  OBJECTIVES 

The  Light  [on  Mass  Spectrometer  (LIMS)  is  designed 

TO  MEASURE  TC  DENSITY,  TEMPERATURE , AND 

COMPOSITION  OF  THE  LOT-ENERGY  ICN  T.ASMA  AT  TC 
NEAR  SYNCHRONOUS  ALTITUDE  ORBIT  OF  TC  P78~2 
SATELLITE.  Tit  CHARACTERISTICS  CF  CHARGED 
PART  1 CLE  CURRENTS  ASSOCIATED  WITH  A FREE  BODY  IN 
SPACE  ARE  A FUNCTION  OF  TEE  SATELLITE  POTENTIAL, 
AND  THIS  POTENTIAL.  IS  ESTABL  ISCD  SO  AS  TO  SATISFY 
£ REQUIREMENT  THAT  TEE  NET  CURRENT  BE  ZERO.  In 
ORDER  TO  INDERSTAND  TEE  COMPLEX  PLASMA'SATELL  I TE 
INTERACTILN,  ALL  IMPOhTANT  CHARGED  PARTICLE 

POPULATIONS  MUST  EE  IDENTIFIED  AND  MEASURED.  TC 
COLD  PLASMA  (E  100<  eV ) CCMPCNENT  IS  IMPORTANT  AT 
AND  NEAR  SYNCHRONOUS  ORBIT  ALTITUDES  AND  AT  TIMES 
CAN  BE  TEE  DOMINANT  COMPONENT  IN  TERMS  CF  DENSITY, 
EXCEEDING  100  ICNS/CM^.  ANY  DETAILED  STUDY  OF 
SPACECRAFT  CHARGING  EFFECTS  MUST  THEREFORE  HA\€  A 
CONTINUOUS  MEASLRE  OF  T>€  CHARACTERISTICS  OF  TEE 
CCLD  PLASMA  SURROUNDING  THE  SPACECRAFT. 
CALCULATIONS  CF  DC  SPACECRAFT  PLASMA  SEEATH  AND 
ITS  CONSEQUENT  EFFECT  UPON  OTHER  EXPERIMENTS  SUCH 
AS  TC  ELECTRIC  FIELD  MEASUREMENTS  REQUIRE 
KNOLEDGE  CF  TEC  AMEIENT  PLASMA  DENSITY, 
TEMPERATURE,  COMPOSITION,  AND  FLOY  CHARACTERISTICS. 

14  2 MEASURING  TECHNIQUE 

Tec  LITE  consists  cf  dcee  ecads  and  one  central 

ELECTRONICS  PACKAGE.  EACH  SENSOR  HEAD  CONSISTS  CF 
A RETARDING  POTENTIAL  ANALYZER,  ION  MASS 
SPECTROMETER,  ION  DETECTOR,  AND  ASSOCIATED 
ELECTRONICS  AS  ILLUSTRATED  IN  FIGURE  14.1.  THE 
RETARDING  POTENTIAL  ANALYZER  GRID  IS  DRIVEN  BY  A 
STEPP  INS  POWER  SUPPLY  WITH  12  LOGARITHMICALLY- 
SPACED  DISCRETE  VOLTAGE  STEPS  RANGING  FROM  0.0  TO 

100  V.  The  mass  analyzer  is  a 90-oeg  sector 

PERMANENT  MAGNET  WITH  ENTRANCE  AND  EXIT  APERTURE 
PLACED  XI  AS  TO  OBTAIN  FIRST-ORDER  FOCUSING. 

After  leaving  the  retarding  potential  analyzer  and 

PRIOR  TO  ENTERING  THE  MASS  ANALYZER,  THE  IONS  ARE 
ACCELEPATED  BY  A POST-ACCELERATED  POTENTIAL.  ThE 
ION  MASS  ANALYZED  IS  DETERMINED  BY  SELECTING  A 
PARTICULAR  VALUE  OF  POST-ACCELERATION  POTENTIAL. 

That  is.  for  a given  value  of  post-acceleration 

POTENTIAL,  ONLY  IONS  WITH  THE  PROPER  MASS-TO" 
CHARGE  RATIO  WILL  BE  FOCUSED  UPON  THE  EXIT  PUINE 
AM)  HENCE  WILL  BE  DETECTED.  The  MASS  ANALYZER  IS 


DESIGCD  TO  RE  SENSITIVE  TO  THE  IONS  H +'4He+, 
AND  V WITH  CORRESPONDING  VALLES  OF  THE 
POST-ACCELERATION  POTENTIAL  OF  300.  200.  AND  50  V, 
RESPECTIVELY . 

The  ions  that  are  focused  upon  the  exit  si.it  are 

DETECTED  BY  A CHANNEL  ELECTRON  MULTIPLIER  WITH  A 
3 -MM  DIA  APERTURE.  The  ENTRANCE  END  OF  THE 
MULTIPLIER  IS  BIASED  AT  -2600  V IN  ORDER  TO  AID  IN 
FOCUSING  THE  IONS  FROM  THE  EXIT  SLIT  ONTO  THE 
MULTIPLIER.  This  also  serves  to  reject  secondary 
ELECTRONS  AND  FHOTOELECTRONS,  AS  THE  MULTIPLIER 
ENTRANCE  IS  THE  MOST  NEGATIVE  POINT  IN  THE 

system.  Pulses  from  the  channel  multiplier  are 

AMPLIFIED,  DISCRIMINATED-  AND  SHAPED  FOR 
TRANSMISSION  TO  THE  CENTRAL  ELECTRONICS  PACKAGE. 

The  three  LIMS  sensor  heads  and  associated  system 

ARE  LAEELED  AS  FOLLOWS  I 

SC7-1  Sensor  read  located  in  the  bellyband  with 
F0V  centered  perpendicular  to  the  spin 
axis 

SC7-2  Sensor  cad  located  on  tte  forward  end  of 
tic  spacecraft  with  F0V  centered  along 
THE  SPIN  AXIS 

SC7-3  Sensor  icad  located  on  tc  eottom  cf  ttc 

SPACECRAFT  WITH  FCV  CENTERED  ALONG  TC 
SPIN  AXIS  AND  IN  TC  OPPOSITE  DIRECTION 
TO  THAT  OF  SC7'2. 

14.3  FUNCTIONAL  BLOCK  DIAGRAM 

Figure  14,1  shows  a block  diagram  cf  a sensor 

CAD.  Tc  ION1  OPTICS  ASSEMBLY  CONSISTS  OF  TC 
GRIDS,  TC  ENTRANCE  APERTURE,  TC  90- DEG  SECTOR 
MAGNET,  TC  EXIT  APERTURE,  AND  TC  CHANNEL 
ELECTRON  MLLTIPLIER  (OEM).  ThE  RETARDING 
POTENTIAL  (FOR  ION1  ENERGY  ANALYSIS)  AND  TC 
POST- ACCELERATION  POTENTIAL  (FOR  MASS  ANALYSIS) 
ARE  SUPPLIED  EY  VOLTAGE  SUPPLIES  THAT  ARE 
CONTROLLED  BY  PRECISION  REFERENCE  GENERATORS  IN 
TC  CENTRAL  ELECTRONICS  PACKAGE.  Tc  PREAMPLIFIER 
AND  DISCRIMINATOR  SERVE  TO  PRODUCE  SHAPED  PULSES 
FROM  DC  CEM  AND  TCSE  PULSES  ARE  TRANSMITTED  TC 
ACCLMLLATORS  IN  TC  CENTRAL  ELECTRONICS  PACKAGE. 
TCRE  IS  also  A MEANS  TO  CHANGE  TC  PULSE  LEVEL 
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DISCRIMINATOR  THRESHOLDS  IN  ORDER  TO  ASSESS 
POSSIBLE  GAIN  DEGRADATION  OF  TTt  CEM.  Tl€  LOW 
VAXTAGE  POWER  SUPPLY  POWERS  Tit  PREAMPLIFIER-DIS- 
CRIMINATOR AS  MILL  AS  Tit  HIGH  VOLTAGE  SUPPLY  FOR 
Tit  CEM.  Tit  HIGH  VOLTAGE  IS  ENABLED  BY  A 
SEPARATE  OOMMAND  SO  THAT  Tit  INSTRUMENT  CAN  BE 
OPERATED  DURING  GROUND  CItCKOUT  WITHOUT 
ENDANGERING  Tit  HIGH  VOLTAGE  SUPPLIES  AND  CHANNEL 
MULTIPLERS.  Tit  HIGH  VOLTAGE  IS  NORMALLY  2600  V. 
BUT  CAN  BE  INCREASED  TO  3000  OR  REDUCED  TO  2200  BY 
COMMAND  IN  ORDER  TO  AID  IN  DIAGNOSING  Tit  GAIN 
STATE  OF  Tit  CHANNEL  ELECTRON  MULTIPLIER. 


.Wl  V > 'tV  A, 


Figure  14  1.  Light  Ion  Mass  Spectrometer 

Tit  CENTRAL  ELECTRONICS  PACKAGE  USES  STANDARD  CMOS 
LOGIC  TO  INTERFACE  BETWEEN  Tit  SENSOR  LEADS  AND 
THE  SPACECRAFT  COMMAND  AND  DATA  SYSTEMS.  MODE 
COMMANDS  ARE  DECODED  TO  PRODUCE  PROPER  SEQUENCES 
AND  VALUES  CF  THE  RETARDING  POTENTIAL  AND 
POST-ACCELERATION  VOLTAGES.  Tit  PULSE  DATA  FROM 
THE  SENSOR  HEADS  ARE  ROUTED  TO  ACCUMULATORS  AND  ON 
TO  SHIFT  REGISTERS  FOR  TRANSMISSION  TO  Tit  DATA 

system.  Synchronizing  signals,  frcm  the 

SPACECRAFT  DATA  SYSTEM-  CONTROL  Tit  INTERNAL 
CYCLING  OF  THE  INSTRUMENT  SO  THAT  IT  IS 
SYNCHRONIZED  WITH  Tit  VEHICLE  TIME  CODE  WORD. 

Bi-level  status  indicators  transmitted  to  tie  data 

SYSTEM  AND  INTO  THE  DOWNLINK  SERVE  TO  VERIFY 
COMMANDS.  THE  INSTRUMENT  MODE  STATE-  AND  Tit 
INTERNAL  CYCLE  SEQUENCES.  ANALOG  MONITORS  SERVE 
TO  MONITOR  Tit  POST' ACCELERATION  SUPPLIES,  Tit 
RETARDING  POTENTIAL  SUPPLIES,  Tit  CHANNEL 
MULTIPLIER  SUPPLIES,  AND  THE  SENSOR  HEAD 
TEMPERATURES . 


14  4 OPERATIONAL  ASPECTS 

TltRE  ARE  EIGHT  INSTRUMENT  OPERATION  MODES, 

SELECTABLE  BY  GROUND  COMMAND.  Tit  MODES  CHANGE 
THE  INTERNAL  ION  OPTICS  VOLTAGE  SO  AS  TO  CHANGE 
Tit  PARTICLE  ENERGY  AND  MASS  ANALYZED.  HOWEVER, 
THE  SEQUENCE  OF  !EAD  SELECTION  AND  DATA 

ACCUMULATION  IS  COMPLETELY  INDEPENDENT  CF  THE 
INSTRUMENT  MODE,  AND  Tit  TIMING  RELATIONSHIPS  DO 
NOT  CHANGE.  THE  MODES  ARE  DETAILED  AS  FOLLOWS: 

MOLE  0:  0+  - Tit  post-acceleration  potential  is 
SET  AT  APPROXIMATELY  50  V SO  THAT  THE 
MASS  ANALYZER  IS  SENSITIVE  TO  0+  IONS 
ONLY.  Tit  RETARDING  POTENTIAL  ANALYZER 

IS  STEPPED  THROUGH  32  VOLTAGE  LEVELS  IN  2 
SEC. 

M0EE  1:  He+  - Tit  post- acceleration  potential 
IS  SET  AT  APPROXIMATELY  200  V SO  THAT  THE 
MASS  ANALYZER  IS  SENSITIVE  TO  He+ 

ions.  As  in  Mode  0,  the  retarding 

POTENTIAL  ANALYZER  IS  STEPPED  THROUGH  32 
VOLTAGE  LEVELS  IN  2 SEC. 

MOIE  2:  W4  - Tie  post- acceleration  is  SE_r  at 
approximately  800  V so  that  tie  mass 
analyzer  is  sensitive  to  FT  ions.  As 
in  Mode  0 and  1,  the  retarding  potential 
ANALYZER  IS  STEPPED  THROUGH  32  VOLTAGE 
LEVELS  IN  2 SEC. 

MODE  3:  Density  - in  this  mode,  the  retarding 

POTENTIAL  IS  FIXED  AT  ZERO  VOLTS-  AND  Tit 
POST-ACCELERATION  VOLTAGE  IS  SWEPT 
THROUGH  Tit  ENTIRE  MASS  RANGE  OF  1 TC  16 

AMI/charge  in  2 sec. 

Calibration  Modes  - In  these  modes  Tit  detector 

THRESHOLDS  AND  CHANNELTRON  HIGH  VOLTAGES  ARE 
STEPPED  IN  A SEQUENCE  IN  ORDER  TO  ASSESS  ANY 
POSSIBLE  DEGRADATION  IN  THE  SENSOR  SENSITIVITY, 

MODE  A:  0+  and  Calibrate 
MODE  5:  He4  and  Calibrate 
.MODE  6:  H4  and  Calibrate 

MODE  7:  Automatic  and  Calibrate  - This  mode  is  a 
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repeating  sequence  of  Mode  G.  ±,  2,  and  3 
in  crde".  Each  mode  is  on  for  64  sec  and 
THUS  Oft  COMPLETE  MODE  7 CYCLE  LASTS  FOR 
256  SEC.  ADDITIOfiALLY,  A CALIBRATION' 
SEQUENCE  OCCURS  EVERY  18  LC. 

Tf£  MODE  SELECT  COMMANDS,  NUMBERS  5 AND  6.  AND  TLC 
CALIBRATION  CNABLE  CCAMAND,  NUMBER  7 ARE  ENCODED 
INTO  THE  S MODES  ACCORDING  TO  TABLE  14.1. 


Table  14  1 Payload  Operating  Modes 
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The  retarding  potential  and  post-acceleration1 

SUPPLIES  iN  EACH  SENSOR  LCAD  ARE  CONTROLLED  BY 

COfWON  REFERENCE  GENERATORS  IN  THE  SC7'4 

ELECTRONICS  PACKAGE.  THUS,  THE  STATES  OF  TFE 
HEADS  WITH  REGARD  TO  PARTICLE  ENERGY  AND  TYPE  ARE 
IDENTICAL  AT  ANY  GIVEN  TIME.  HOWEVER,  DUE  TO 


rtLEMETnY  LIMITATIONS-  IT  IS  NOT  POSSIBLE  TO 
TRANSMIT  DATA  FROM  ALL  THREE  LEADS 
SIMULTANEOUSLY.  THUS,  A PRIMARY  ACCUMULATOR 
SAMPLED  16  TIMES  PEP  SEC  AND  TWO  SECONDARY 
ACCLMLLATORS  A AND  8 SAMFT  ED  CNCF  PEP  2 SEC  ARE 
EMPLOYED.  The  TEHEE  SENSOR  LEADS  ARE  CONNECTED  IN 
SEQUENCE  TO  TIE  PRIMARY  ACCUMULATOR  FOR  2 SECONDS 

EACH  IN  TLE  ORDER  l-2-l-3'i-2-i-3,  ETC.  A GIVEN 
HEAD  IS  CONNECTED  TC  TLE  PRIMARY  ACCUMULATOR  FOR 
TLE  DURATION'  OP  ONE  2"  SEC,  32~STEP  RETARDING 
POTENTIAL  ANALYZER  SEGUENCE  (MODES  0,  i AND  2)  OR 
ONE  POST-ACCELERATICN  SWEEP  (MASS  SWEEP)  SEGUENCE 

(Mode  3).  During  this  interval,  tle  other  tvc 

HEADS  APE  EACH  CONNECTED  TO  A SECONDARY 
ACCUMULATOR  AND  DATA  ARE  ACCUMULATED  AT  THE 
RETARDING  POTENTIAL  ANALYZER  ZERO  POTENTIAL  STEP. 
Thus,  while  tlc  head  connected  to  tle  primary 
ACCUMULATOR  MEASURES  THE  ENTIRE  RETARDING  CURVE 
AND,  HENCE,  ION  DENSITY  AND  TEMPERATURES,  TLE 
OTHER  TWO  LEADS  MEASURE  TLE  DENSITY  ONLY  DURING 
THE  SAFE  2-SEC  INTERVAL.  THE  SEQUENCE  CF 
SELECTING  THE  PRIMARY  ACCUMULATOR  LEAD  WAS  CHOSEN 
SO  THAT  TLE  HEAD  (SC7'1)  WITH  FOV  PERPENDICULAR  TO 
THE  SPIN  AXIS  WILL  BE  SAMR_ED  TWICE  AS  OFTEN  AS 
TLE  HEAD  (SC7~2  AND  3),  WHICH  ARE  PARALLEL  TO  THE 
SPIN  AXIS. 


15.  SC8  ENERGETIC  ION  COMPOSITION  EXPERIMENT 


15.1  SCIENTIFIC  OBJECTIVES 

The  Energetic  [on  Composition  Experiment,  SC8, 

MEASURES  TIE  MASS  COMPOSITION  CF  TVE  HOT  PLASMAS 
ENVELOPING  TLC  P78-2  SPACECRAFT.  THE  ION  FLUX 
LEASUREMENTS  SPAN  TLC  ENERGY  REGION  FROM  100  EV  TO 
32  KEV  AND  THE  MASS  RANGE  FROM  1 TO  GREATER  THAN 

160  ArtJ. 

Tle  OBJECTIVES  CF  DC  EXPERIMENT  FALL  INTO  TWO 
GENERAL  CATEGORIES:  (A)  SPACECRAFT  CHARGING 
PHENOMENA,  AN’D  (B)  PLASMA  INTERACTION  PROCESSES. 

The  SC8  experiment  supports  understanding  tic 

SPACECRAFT  CHARGING  PHENOMENA  IN  SEVERAL  WAYS. 
(1)  Tlc  composition  AND  SPATIAL  anisotropies  of 
THE  POSITIVE  IONS  IN  TLC  AMBIENT  LOT  PLASMA  THAT 
iS  REQUIRED  TO  UNDERSTAND  AND  TO  MODEL  THE  SHEATH 
REGION  AROUND  TLC  SPACECRAFT  DURING  CHARGING 
EVENTS  IS  DETERMINED.  (2)  T>C  PHOTOIONIZED 
GASEOUS  AND  ICN  CONTAMINANTS  EMITTED  BY  TLC 
SPACECRAFT  (WHICH  HAS  BEEN  OBSERVED  PREVIOUSLY  ON 


ATS-5  AND  ATS-6  WITHOUT  MASS  icentification)  are 
MEASURED.  (3)  THE  ICN  COMPOSITION'  OF  TLC  PLASMA 
PRIOR  TO  CHARGING  EVENTS  IS  MEASURED  IN  ORDER  TO 
ASSESS  TLC  CAPABILITIES  FOR  PREDICTING  CHARGING 
EVENTS  ON  TLC  RECONFIGURATION  OF  TLC 
MAGNETOS PHEP I C CURRENT  SYSTEM  PRIOR  TO  TLE  ONSET 
CF  GEOMAGNETIC  SUBSTORMS.  (4)  TEMPORAL  AND  RADIAL 
DEPENDENCIES  OF  TLC  PLASMA  COMPOSITION  ARE 
DETERMINED  TO  AID  IN  MODELING  TLE  LOT  PLASMA 
ENVIRONMENT  FOR  SATELLITE  ORBITS  AT  HIGHER  AND 
LOWER  ALTI TIDES  AND  INCLINATIONS  THAN  TLE  P78‘2 
SPACECRAFT  ORBIT . (5)  FINALLY,  SELECTED  PLASMA 
CONDITIONS  ARE  MEASURED  DURING  WHICH  ION  FLUXES 
FROM  THE  SC4  ICN  GLN  ARE  RETURNED  TO  THE 
SPACECRAFT. 

IHE  SC8  EXPERIMENT  SUPPORTS  UNDERSTANDING,  TLC 
PLASMA  INTERACTION  PROCESSES  IN  SEVERAL  WAYS.  U/ 

Plasma  and  field  conditions  that  produce 

IONOSPHERIC  ION  ACCELERATION  WILL  EE 


INVESTIGATED.  (2)  Tit  LOCAL  TIME  AND  GEOMAGNETIC 
LATITUEE  DISTRIBUTIONS  CF  THE  SOURCE  REGIONS  CF 
FIELD-ALIGNED  IONOSPHERIC  IONS  WILL  BE 
INVESTIGATED.  (3)  Tit  PLASMA  AND  FIELD  CONDITIONS 
THAT  PRODUCE  THE  PRECIPITATION  OF  ENERGETIC 
PARTICLES  FROM  THE  TRAPPED  POPULATIONS  WILL  BE 
INVESTIGATED.  (4)  Tit  LARGE-SCALE  AND  SMALL-SCALE 
TRANSPORT  PROCESSES  FOR  TIE  HOT  PLASMAS  WILL  BE 
INVESTIGATED.  (5)  FINALLY,  Tit  PLASMA  AND  FIELD 
CONDITIONS  THAT  RESULT  IN  VLF  WAVE  GENERATION  AND 
AMPLIFICATION  IN  TIE  MAGNETOSPHERE  WILL  BE 
INVESTIGATED. 


15.2  MEASURING  TECHNIQUE 


Tit  SC8  instrument  is  an  energetic  ion  mass 

SPECTROMETER  CONTAINING  THREE  PARALLEL  ANALYZER 
UNITS,  EACH  OF  WHICH  MEASURES  IONS  IN  A DIFFERENT 
ENERGY  REGION  OF  THE  RANGE  FRCM  0.1  TO  12  KEV. 

Each  unit  consists  of  a crossed  electric  and 

MAGNETIC  FIELD  VELOCITY  FILTER  (WEIN  FILTER)  IN 
SERIES  WITH  AN  ELECTROSTATIC  ANALYZER  (ESA)  AND  A 
CHANNEL  ELECTRON'  MULTIPLIER  SENSOR.  ONE  CF  THE 
UNITS  IS  SHOWN  SCHEMATICALLY  IN  FIGURE  15.1. 
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Figure  15.1 . Ion  Mass  Spectrometer 


THE  INSTRUMENT  HAS  TWO  BASIC  MODES  CF  OPERATION 
AND  TWO  MASS  RANGES  CF  COVERAGE  IN  EACH  MODE.  Tit 
TWO  MASS  RANGES  COVER  FRCM  APPROXIMATELY  0.8  TO  80 
AMJ(normal)  and  12  AMI  to  greater  than  160  AMJ 
(heavy).  In  the  first  operating  mode,  each  CF  THE 

THREE  ANALYZER  UNITS  CYCLES  THROUGH  FOUR  DISCRETE 
ESA  SETTINGS  IN  16  SEC,  REMAINING  FIXED  FOR  2 SEC 
AT  EACH  SETTING.  DURING  EACH  2' SEC  PERIOD.  Tit 
VELOCITY  FILTER  VOLTAGE  IS  RAMPED  TO  PROVIDE  A 
32-POINT  MASS-PER-UNIT-CHARGE  (M/6)  SPECTRUM  OVER 


OIE  CF  THE  TWO  RANGES  INDICATED  ABOVE . Thus,  A 
FULL  MASS  SPECTRUM  IS  OBTAINED  AT  EACH  OF  24 
ENERGY  POINTS  EVERY  16  SEC.  In  TIE  SECOND  MODE, 
THE  VELOCITY  FILTER  IS  LOCKED  IN  ONE  OF  FOUR 
DISCRETE  VALUES  CORRESPONDING  TO  M/6  *■  1,  2,  A,  OR 
16  FOR  16  SEC,  WHILE  EACH  ESA  IS  CYCLED  AMONG  ITS 
EIGHT  DISCRETE  LEVELS.  THE  ESA  VOLTAGE  IS 
SWITCHED  EVERY  62  MSEC.  THUS,  A 24-POINT 
ENERGY"  PER- UNIT-CHARGE  SPECTRUM  FROM  THE  THREE 
UNITS  IS  ACQUIRED  EVERY  1/2  SECOND  AT  A SINGLE  M/Gl 
position.  After  64  sec  on  a fixed  mass  value,  the 

INSTRUMENT  SPENDS  64  SEC  IN  MODE  1 TO  PROVIDE 
INFORMATION  ON  Tit  BACKGROUND  LEVELS  OBTAINABLE 
FROM  MASS  REGIONS  BETWEEN  TFE  DISCRETE  MASS 

peaks.  Following  this,  tfe  velocity  filter  is 

LOCKED  ON  A SECOND  MASS  FOR  64  SEC,  AGAIN  FOLLOWED 
by  64  sec  in  Mode  1.  This  continues  through  the 
FOUR  DISCRETE  M/G  VALUES.  THUS,  A COMPLETE  CYCLE 
OF  THE  SECOND  MODE  REQUIRES  512  SEC.  VARIATIONS 
IN  TFE  NUMEER  AND  TIMING  OF  Tit  BASIC  ENERGY  FND 
MASS  VALUES  CAN  BE  SELECTED  BY  REAL TIFE  COFMANDS . 

Tfe  INSTRUMENT  ALSO  INCLUDES  FOUR  BROADBAND 
ELECTRON'  CHANNELS  FOR  PROVIDING  ELECTRON 
BACKGROUND  INFORMATION  AND  FOR  GENERAL  CORRELATIVE 
STUDIES  WITH  TFE  PLASM  IONS.  FlXED  MAGNETIC 
FIELD  ANALYZERS  FOLLCWED  BY  CHANNEL  ELECTRON 
MULTIPLIERS  SPAN  THE  ELECTRON  RANGE  FRCM  0.07  TO 
24  KEV  WITH  CENTRAL  ENERGIES  AT  0.16,  0.73,  3.3, 
AND  16  KEV. 

15  3 FUNCTIONAL  BLOCK  DIAGRAM 

Tit  DATA  FLOW  FRCM  THE  INSTRUMENT  IS  ILLUSTRATED 
SCHEMATICALLY  IN  FIGURE  15.2.  Al_L  OF  TFE  OUTPUTS 
ARE  FROM  CHANNEL  ELECTRON  MULTI  PLIERS  AND  Tit  DATA 
FROM  EACH  CHANNEL  ARE  HANDLED  IN  AN  ANALOGOUS 

fashion.  Each  sensor  output  is  followed  by  a 

PULSE  AMPLIFIER,  SHAPER,  AND  DISCRIMINATOR  PRIOR 

to  going  into  a 16-bit  counter.  Tfe  accumulation 

AND  READ  TIMES  FOR  THE  COUNTERS  ARE  SYNCHRONIZED 
WITH  THE  ANALOG  FUNCTIONS  AND  CONTROLLED  BY  THE 
INSTRUMENT  CONTROL  LOGIC  AS  INDICATED 
SCHEMATICALLY  BY  TIE  CONTROL  LOGIC  BLOCK.  Tit 
INFORMATION  IN  TFE  16-BIT  COUNTERS  IS 
LOGARITHMICALLY  COMPRESSED  TO  8 BITS  PRIOR  TO 
BEING  READ  INTO  TFE  TELEMETRY  EIT  STREAM  BY  Tit 
SPACECRAFT  DATA  MULTIPLEXER. 

AN  I WEIGHT  CALIBRATION  SEQUENCE  IS  INITIATED  BY 
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REAL T IFE  COMMAND  THROUGH  THE  CALIBRATION  CONTROL 

logic.  This  sequence  checks  all  cf  the  counters 

AND  BUFFERS  BY  PROVIDING  PULSES  AT  A FIXED  RATE 
INTO  EACH  COINTER.  CHANNEL  MULTIPLIER  AND 


Figure  15.2.  Block  Diagram 


AMPLIFIER  PERFORMANCE  IS  EVALUATED  IN  THE 
CALIBRATION  SEQUENCE  BY  STEPPING  THE  DISCRIMINATOR 
THROUGH  ITS  FOUR  SELECTAELE  LEVELS  FOR  EACH  CF  TWO 
HIGH  VOLTAGE  SETTINGS  OF  TFE  CHANNEL  ELECTRON 
MULTIPLIERS.  THE  OPERATING  LEVEL  OF  THE 
DISCRIMINATOR  IS  SELECTED  BY  REALTIME  COMMAND. 

15.4  OPERATIONAL  ASPECTS 

Operating  modes  fcr  the  instrument  are  selected  by 

REALTINE  COMMANDS . AFTER  THE  INITIAL  INSTRUMENT 
CHECKOUT,  IT  IS  EXPECTED  THAT  THE  INSTRUMENT  WILL 
REMAIN  IN  A SELECTED  MODE  FOR  AT  LEAST  24  HR  FOR 
MOST  ROUTINE  OPERATIONS.  INFLIGHT  CALIBRATION'  OF 
THE  INSTRUMENT  WILL  BE  PERFORMED  ABOUT  ONCE  PER 
DAY  AND  IS  INITIATED  BY  REALTIME  CONMAND. 

During  the  lifetime  cf  the  spacecraft,  many 

DIFFERENT  OPERATING  MODES  WILL  BE  USED  TO 
INVESTIGATE  A WIDE  RANGE  CF  GEOPHYSICAL  AND 
MAN-PRODUCED  EVENTS.  THESE  EVENTS  WILL  INCLUDE 
GEOMAGNETIC  STORMS  AND  SUBSTORMS,  SOLAR  PARTICLE 
EVENTS,  FIELD-ALIGNED  ION  EVENTS,  SOLAR  ECLIPSES 
BY  THE  EARTH,  ION  AND  ELECTRON  GUN  OPERATIONS, 
CHEMICAL  RELEASES,  AND  ELECTROMAGNETIC  WAVE 
INJECTIONS. 


16.  SC9  UCSD  CHARGED  PARTICLE  EXPERIMENT 


16  1 SCIENTIFIC  OBJECTIVES 

The  primary  objective  cf  the  UCSD  parti cle 

EXPERIMENT  IS  TO  MEASURE  CHARGED  PARTICLE  FLUXES 
AS  A FUNCTION  CF  ENERGY,  DIRECTION,  AND  TIHE.  The 
CHARGED  PARTICLES  THAT  WILL  BE  MEASURED  CONSIST  CF 
ENVIRONMENTAL  ELECTRONS  AND  IONS  AND  ALSO 
PARTI CLES  EMITTED  FROM  THE  SPACECRAFT  SUCH  AS 
PHOTOELECTRONS,  SECONDARY  ELECTRONS,  AND  PARTICLES 
EMITTED  £Y  THE  ELECTRON  AND  POSITIVE  lON  BEAM 

Systems  SC4.  The  secondary  objectives  of  the 

EXPERIMENT  ARE  TO  USE  THE  MEASURED  PARTI CLE  FLUXES 
TO  IHFER  PARTICLE  VELOCITY  DISTRIBUTIONS, 
SPACECRAFT  POTENTIAL,  THE  LOCATION  AND  THE 
MAGNITUDE  AND  POLARITY  CF  THE  VARIOUS  CHARGING 
CURRENTS  TO  THE  SPACECRAFT. 

The  PARTICLE  DATA  FkCM  THE  UCSD  EXPERIMENT, 
TOGETHER  WITH  THE  DATA  FROM  THE  OTHER  EXPERIMENTS, 
SHOULD  PROVIDE  A QUANTITATIVE  DESCRIPTION  CF  THE 
CHARGE  STATE  OF  THE  P78~2  SPACECRAFT,  AS  HELL  AS  A 


QUANTITATIVE  DESCRIPTION  OF  THE  ENVIRONMENTAL 
PLASMA,  BOTH  AS  FUNCTIONS  OF  TIME  AND,  THEREFORE, 
AS  FUNCTIONS  CF  THE  SATELLITE  POSITION  IN  SPACE. 

The  ultimate  aim  cf  the  experiment  is  twofold:  to 
GAIN  AN  UNDERSTANDING  CF  THE  ELECTRICAL  CHARGING 
AND  DISCHARGE  PROCESSES  OF  THE  P78-2  SPACECRAFT 
AND  TO  GAIN  AN'  UNDERSTANDING  OF  THE  PROCESSES  THAT 
CONTROL  THE  ENVIRONMENTAL  PLASMA. 

16.2  MEASURING  TECHNIQUE 

The  UCSD  experiment.  Figure  16.1,  has  five 

ELECTROSTATIC  CHARGED  PARTICLE  DETECTORS.  Two 
DETECTORS  (ONE  FOR  NEGATIVE  AND  ONE  FOR  POSITIVE 
PARTICLES)  ARE  CONTAINED  IN  EACH  ROTATING  DETECTOR 
ASSEMELY  (RD4).  EACH  REA  CAN  EE  ROTATED  THROUGH  A 
MAXIMUM  OF  220  DEG  ABOUT  THE  AXIS  THROUGH  THE  RD^ 
CYLINDRICAL  STRUCTURE.  The  EHPERIMENT  IS  MOUNTED 
ON  THE  OUTER  EDGE  OF  THE  FORWARD  END  OF  THE  P78~2 
SPACECRAFT.  ONE  REA,  CALLED  THE  NORTH-SOUTH  (NS) 
ASSEMBLY,  ROTATES  SO  THAT  ITS  DETECTORS  LOOK  IN  A 
PLANE  TANGENT  TO  THE  CYLINDRICAL  SICE  OF  THE 
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SPACECRAFT.  TlC  01  HER  RDft,  CALLED  THE  EAST-WEST 
(EW)  DETECTOR,  LOOKS  IN  A PLANE  THAT  CUTS  ACROSS 
TIE  TOP  FACE  CF  TIC  SPACECRAFT.  An  ADDITIONAL 
DETECTOR  OF  POSITIVE  PARTICLES  ONLY  IS  MOUNTED  IN 
TIC  MAIN  HOUSING  FACING  OUTWARDS,  AND  IS  CALLED 
DC  FIXED  DETECTOR  ASSEMBLY  (FI70.  TlC  ROTATION 
CAPABILITY  WHEN  COMBINED  WITH  TIC  SPIN  CF  TIC 
SPACECRAFT  MAKE  IT  POSSIBLE  FOR  TIC  TWO  RDAs  TO 
DETECT  PARTICLES  COMING  FROM  ANY  DIRECTION  WITHIN 
MORE  THAN  A IEMISWERE  CENTERED  ABOVE  TIC  TOP  OF 
TIC  SPACECRAFT,  TlC  ROTATION  OF  THE  RDAs  CAN  BE 
STOPPED  AT  ANY  PRESELECTED  POSITION  UPON  OOMMAND. 
Tic  LIMITS  OF  TIC  RANGE  OF  ROTATION  CAN'  ALSO  BE 
SELECTED  BY  COMMAND  SO  THAT  TIC  ASSEMBLIES  GAN 
OSCILLATE  OVER  SMAU  ANGULAR  RANGES  IF  DESIRED. 
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Figure  16.1.  Charged  Particle  Detector 

Tic  NS  detectors  are  capable  of  measuring 

PARTICLES  WITH  ENERGIES  FROM  A FEW  E V UP  TO  81 

keV,  The  fixed  detector  and  tic  EW  detectors 

DETECT  PARTICLES  WITH  ENERGIES  FROM  0.2  EV  UP  TO 

about  1550  eV.  Each  scan  in  energy  consists  of  69 

ENERGY  STEPS  SPACED  EXPONENTIALLY  UP  TO  THE 
MAXIMUM  ENERGY  WITH  AN  ENERGY  RESOLUTION  AE/E  AT 
EACH  STEP  OF  APPROXIMATELY  20  PERCENT. 

Each  of  ttc  five  charged  particle  detectors  is 

MADE  FRCM  THREE  SUBASSEMELI ESI  AN  ELECTROSTATIC 
CURVED  PLATE  ENERGY/ UNIT-CHARGE  ANALYZER;  AN 
ELECTROSTATIC  GRID  STRUCTURE  THAT  ACTS  AS  A LENS 
TO  FOCUS  UPON  TIC  SENSOR  THOSE  PARTI CLES  THAT  HAVE 
PASSED  THROUGH  TIC.  ENERGY  ANALYZER;  AND  A BENDIX 

model  9215-PAC/W.  SP IRALTROM  particle  sensor  with 

APPROPRIATE  PULSE  ELECTRONICS,  WHICH  COUNTS  TIC 
ANALYZED  PARTICLES . FIGURE  16.2  SHOWS  A CROSS 
SECTION  CF  TIC  DETECTOR  ASSEMBLY. 
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Figure  16  2 Cross  Section  of  Detectot  Assembly 

Tie  CURVED  ANALYZING  rates  ARE  U4IQUE  IN  THAT 
TtCY  ARE  OVOinAL,  I .E . , TlCY  HAVE  DIFFERENT 
CURVATURES  IN  TIC  PARALLEL  (ENERGY  ANALYZING)  AND 
PERPENDICULAR  DIRECTIONS.  In  ORDER  TO  OBTAIN 
AZIMUTHAL  FOCUSING  (FOCUSING  IN  TIE  PERPENDICULAR 
DIRECTION;  FOR  A SPHERICAL  GEOMETRY , TIC  PARTICLES 
MUST  EE  BENT  90  DEG.  In  AN  ATTEMPT  TO  MAINTAIN  A 
LARGE  GEOMETRIC  FACTOR  TIC  PATH  LENGTH  HAS  BEEN 
SHORTENED  SUCH  THAT  THE  PARTICLES  TRAJECTORIES  ARE 
DEFLECTED  55  DEG.  TlC  SHORTER  RADIUS  CURVATURE  IN 
THE  AZIMUTHAL  DIRECTION  (26  PERCENT  SHORTER) 
RESULTS  IN  A PROPER  AZIMUTHAL  FOCUSING  FOR  TIC 
SHORTER  PATH  LENGTH.  ALSO,  TIC  SHORTER  AZIMUTML 
RADIUS  OF  CURVATURE  RESULTS  IN  A NEUTRAL  FOCUSING 
IN  TIC  PARALLEL  DIRECTION.  THE  SHORTER  PATH 
LENGTH  AND  TIE  POSTANALYSIS  ELECTROSTATIC  LENS  FOR 
FOCUSING  THE  PARALLEL  DIRECTION  MAINTAIN  A LARGE 
GEOMETRIC  FACTOR  AND,  IN  ADDITION,  GOOD  ANGULAR 
RESOLUTION.  TlC  ANGULAR  RESOLUTION  OF  EACH  SENSOR 
IS  APPROXIMATELY  2.8  DEG  BY  2.6  DEG  FOR  A 
MONOENERGETIC  SPECTRLM  AND  2.8  DEG  BY  7 DEG  FOR  A 
FLAT  SPECTRUM. 

Figure  16.2  (view  A-A)  shows  that  tic  inside  of 

TIC  PLATES  ARE  SERRATED  SO  THAT  PARTICLES  STRIKING 
THE  SIDES  WILL  BE  ELIMINATED  RESILTING  IN  A 
MINIMUM  CF  SECONDARIES  WITH  FORWARD  MOMENTUM.  THE 
PLATES  OF  THE  ENERGY  ANALYZER  ARE  DRIVEN  BY  A 
POWER  SUPPLY  THAT  CAN  BE  PROGRAMMED  TO  SUPPLY  ANY 
ONE  OF  69  VOLTAGE  STEPS.  TlCSE  STEPS  ALLOW  ONE  TO 
ANALYZE  PARTI  CLES  CF  ENERGY  BETWEEN  LESS  THAN  1 EV 
AND  81  KEV  WITH  AN  ENERGY  RESOLUTION  OF  ABOUT 

(0.2E  + 2)  eV  full  width  at  half  maximum.  The 

ANALYZER  CONSTANT  IS  APPROXIMATELY  11;  THUS 
SEVERAL  KILOVOLTS  MUST  BE  APPLIED  TO  EACH  PLATE  IN 
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ORDER  TO  ANALYZE  PARTICLES  IN  DC  HIGHER  ENERGY 
RANGE. 

ANOTICR  IN  IQUE  FEATURE  OF  DC  ANALYZERS  IS  TFE 
PGSTANALYSIS  ELECTROSTATIC  LENS.  THIS  LENS  IS  A 
STRUCTURE  MADE  OF  TWO  WIRE  GRIDS  POSITIONED 
IMMEDIATELY  AFTER  TIE  ENERGY  ANALYZER.  THIS 
DOUBLE  GRID  STRUCTURE  IS  ILLUSTRATED  IN  FIGURE 

16.2.  The  first  grid  is  held  at  tie  potential  cf 

THE  IINER  aATE.  TlE  SECOND  GRID  IS  IELD  AT  TIE 
POTENTIAL  CF  GROUND.  A PARTI CLE  PASSING  THROUGH 
THIS  STRUCTURE  IS  STRONGLY  FOCUSED  UPON  TIE  CENTER 
CF  THE  SENSOR.  FOR  TIE  ELECTRON  DETECTORS,  A CONE 

(labeled  gridcone  in  Figure  16.2)  has  eeen  mounted 

TO  CONTRCL  TFE  ELECTRIC  FIELD  AROUND  TIE  SECONDARY 
PARTICLE  SUPPRESSOR  (DISCUSSED  BELCW). 

Tie  GEOMETRIC  FACTOR  H (DIFFERENTIAL  ENERGY  FLUX 
1 COUNT  RATE/H),  WHICH  RESULTS  FROM  TIE  INCLUSION 
OF  TIE  LENS-  IS  APPROXIMATELY  3.2  X 10^  (CM^ 
-SR)  FOR  PROTONS  AND  1.6  X 10*^  ()CI?  ~SR)  FOR 
ELECTRONS . 


PASSED  THROUGH  TIE  ENERGY  ANALYZER.  PULSE 
ELECTRONICS  ATTACHED  TO  THIS  SENSOR  AMPLIFIES  ITS 
OUTPUT  AND  SETS  A NOMINAL  DEAD  TIME  OF  3.5/JSEC. 

This  rate  limiting  rejects  after  pulses  and 

PROVIDES  A STAILE  WELL-KNOWN  DEAD  TIME  SO  THAT 
TRUE  COUNTING  RATES  OF  1(7  COINTS/SEC  CAN  BE 
MEASURED  UNAMBIGUOUSLY.  WlTH  TIC  VERY  LARGE 
GEOMETRIC  FACTOR,  TIC  LIFETIME  OF  TIC  SPIRALTRON 
SENSORS  IS  CF  PARAMOUNT  CONCERN.  THEREFORE-  THE 
HIQT  VOLTAGE  BIASING  OF  TIC  SPIRALTRON  HAS  BEEN 
ARRANGED  SO  THAT  Of£  OF  TWO  VALUES  CAN  BE  CHOSEN 
BY  GROUND  COMMAND.  THIS  ALL  OS  SOME  ODNTRGL  OVER 

the  9MRALTRCN  gain  after  degradation  has  eegin. 


Suppression  of  secondary  electrons  an d some 

ADDITIONAL  FOCUSING  IS  ACCOMPLISHED  BY  A 
SEMISPHERICAL  SUPPRESSOR  SHIELD,  FIGURE  16.2, 
WHICH  LIES  EETWEEN  TIC  SENSOR  AND  TIC 
ELECTROSTATIC  LENS.  TlC  PROTON  SUPPRESSOR  IS  AT 
ZERO  POTENTIAL  AND  TIC  ELECTRON  SUPPRESSOR  IS  AT  0 
V FOR  ENERGY  SELECTION  BELCW  100  V AND  AT  *30  V 
FOR  ENERGY  SELECTION’  ABOVE  100  V. 


Tic  reason  fcr  tic  difference  between  tfese  valics  16.3  FUNCTIONAL  BLOCK  DIAGRAM 


IS  THAT  BECAUSE  CF  HIGHER  EXPECTED  ELECTRON 
FLUXES,  ONE-HALF  CF  EACH  ELECTRON  APERTURE  HAS 
BEEN  COVERED.  TlC  GEOMETRICAL  FACTOR  IS  SOMEWHAT 
ENERGY" DEPENDENT  AT  LOWER  ENERGIES  DUE  TO  BOTH  A 
POSTANALYSIS  ACCELERATION  THAT  OCCURS  AT  THE 
SPIRALTRON  (FACTORS  OF  3 VARIATION  IN  H OCCURING 
GRADUALLY  AROUND  1 - 3 KEV  FOR  PROTONS  AND  0.1  - 
0.3  KEV  FOR  electrons),  and  A 0.1  - 0.2  -V  NOISE 
LEVEL  ON  TIC  HIGH  ENERGY  ANALYZING  PLATES.  THE 
HKH  VOLTAGE  SUPPLY  IS  NOT  USED  WITH  LOW  ENERGY 
DETECTORS;  CONSEQUENTLY,  TIC  LCW  ENERGY  DETECTORS 
HAVE  GOOD  RESOLUTION  DOWN  TO  ABOUT  0.2  EV.  TlC 
FACT  TIC  ELECTROSTATIC  LENS  MAINTAINS  A LARGE 
GEOMETRIC  FACTOR  IS  VERY  IMPORTANT.  SUCH  A 
GEOMETRIC  FACTOR  RESILTS  IN  MUCH  HIGHER  COUNTING 
RATES  THAN  ARE  NORMALLY  AVAILABLE,  YIELDING  BETTER 
STATISTICS.  IN  ADDITION,  FINER  TIME  RESOLUTION 
CAN  BE  OBTAIICD  SINCE  TICRE  IS  NO  ICED  TO  REDUCE 
ALREADY  LCW  COUNTING  RATES.  TAKING  ADVANTAGE  CF 
THIS  FEATURE,  T>€  DETECTORS  HAVE  MODES  THAT  ALLCW 
SAMPLING  UP  TO  24  TIMES  A SECOND  IN  EITHER 
ELECTRONS  OR  ICNS. 

A Bendix  model  4213-PAC/W.  SPIRALTRON  particle 

SENSOR  DETECTS  EACH  CHARGED  PARTICLE  THAT  HAS 


A BLOCK  DIAGRAM  CF  TIC  EXPERIMENT  IS  SHOWN  IN 

Figure  16.3.  The  ew’eriment  was  designed  to  allow 

A GREAT  DEAL  CF  FREEDOM  IN  TIC  PROGRAMED 
SELECTION  OF  ENERGIES.  TlC  SIMH.EST  ENERGY 
PROGRAM  AVAILABLE  IS  CALLED  SCAN.  In  THIS 
PROGRAM,  TIC  ANALYZER  SCANS  THROUGH  TIC  64 
DISCRETE  EXPONENTIALLY-SPACED  ENERGY  LEVELS.  TlC 
PROGRAM  STARTS  AT  TIC  LOWEST  ENERGY  AND  PROCEEDS 
TO  TIC  HIGHEST.  EACH  ENERGY  LEVEL  IS  MAINTAINED 
FOR  250  MSEC  BEFORE  PROCEEDING  TO  THE  ICXT  ENERGY 
level.  After  tic  64th  level,  tic  cycle  is 

REPEATED.  OlC  ENTIRE  SCAN  REQUIRES  16  SEC  FOR 
COMPLETION.  Tic  more  complicated  energy  selection 
PROGRAM  IS  CALLED  TIC  SCAN-DVELL  MODE.  THIS 
PROGRAM  STARTS  WITH  A SINGLE  SCAN  AS  DESCRIBED 
ABOVE.  AT  TIC  COMPLETION  OF  DC  SCAN,  THE 
ANALYZER  JIMPS  TO  A PREDETERMI ICD  ENERGY  LEVEL  (ED 
1),  ONE  OF  DC  64  SCAN  ENERGY  LEVELS,  AND 
MAINTAINS  THAT  ENERGY  LEVEL  (EWELL)  FOR  A 
PREDETERMI  FED  LENGTH  OF  TIME  (DT).  At  DC 
COMPLETION  CF  TIC  DWELL,  TIC  ANALYZER  PERFORMS  A 
SCAN  AND  TICN  DWELLS  AT  DC  ICXT  ENERGY  LEVEL  (ED 
1 + NIL)  WHERE  fCL  IS  TIE  NUMBER  CF  DISCRETE 
ENERGY  LEVELS  EETWEEN  ADJACENT  DWELLS  OF  DC  SAME 
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Figure  16.3.  Block  Diagram 

SCAN-MU  program.  This  process  continues  until  Each  of  the  RDAs  is  attached  to  the  main  housing 

A PREDETERMINE  NUMBER  CP  EWELLS  (NO  HAVE  BY  A SHAFT  DRIVEN  THROUGH  WORM  GEARS  BY  A STEPPING 

OCCURRED,  AT  WHICH  TIME  TI£  PROGRAM  REPEATS.  All  MOTOR.  THE  RDAs  ROTATE  AT  A RATE  OF  00/43  — 

OF  1>£  ABO\E  PARAMETERS  (ED  1,  DT,  PEL,  ND)  ARE  1.4  DEG/SEC  SO  THAT  TO  COMPLETE  THE  223  DEG 

SET  EY  GROUND  COPMAND.  FORWARD  AND  REVERSE  CYCLE  TAKES  314  SECONDS.  The 

ANGLE  SWEEPING  PROGRAMS  HAVE  BEEN  DESIGNED  TO 
Tee  energy  selection  programs  were  DESIGNED  to  allow  considerable  freedom  in  the  selection  of 

ALLOW  BALANCE  BETWEEN  OBTAINING  FULL  SPECTRUM  ANGLES.  The  RDAs  CAN  BE  STOPPED  IN  A NUMBER  OF 

INFORMATION  AND  THE  MONITORING  OF  FAST  TIME  PREPROGRAMED  POSITIONS.  ALSO,  THE  UNITS  CAN  BE 

VARIATIONS  AT  PARTICULAR  ENERGIES.  TpE  PROGRAMED  ROTATED  IN  A SYNCHRONOUS  FASHION  OR  THE  EAST-WEST 

DWELLS,  FCR  INSTANCE,  ARE  EXTREMELY  USEFUL  IN  THE  UNIT  CAN  BE  FIXED  WHILE  THE  NORTH-SOUTH  UNIT 

STUDY  OF  ALFVEN  WAVES  IN  TIE  MAGNETOSPHERE.  WHEN  ROTATES.  FINALLY,  THROUGH  REALTIPE  MANIPULATION 

EVEN  HIGHER  TIME  RESOLUTIONS  ARE  REQUIRED,  GROUND  THE  RDAs  CAN  BE  PARKED  AT  ARBITRARY  ANGLES  OF 

COM1ANDS  CAN  BE  SENT  THAT  MODIFY  THE  ACCUMULATION  INTEREST,  FOR  INSTANCE,  THE  CLOSEST  APPROACH  ANGLE 

OF  DETECTOR  COUNTS.  ThERE  ARE  SIX  ACCUMULATOR  TO  THE  MAGNETIC  FIELD. 

CHANNELS  EACH  CF  WHICH  GIVES  ONE  READING  FOR  EACH 

0.25  sec.  Under  normal  accumulation,  each  of  ttc  A digital  filter,  which  cuts  off  at  3 kHz  can  be 

FOUR  ROTATING  DETECTORS  ARE  SIMPLY  GATED  TO  A CONNECTED  BY  COMMAND  TO  ANY  OF  THE  FIVE 

SINGLE  ACCUMULATOR.  Tl€  FDA  IS  PROVIDED  WITH  TWO  DETECTORS.  THE  OUTPUT  OF  THE  FILTER  IS  SENT  TO 

ACCUMULATOR  CHANNELS.  IT  IS  POSSIBLE  TO  SAMFLE  A GROUND  VIA  THE  BROADBAND  TRANSMITTER.  THE  PURPOSE 

DETECTOR  AT  A HICTIER  RATE  THAN  NORMALLY  OBTAIIED  OF  THIS  CAPABILITY  IS  TO  FOLLOW  RAPID  FLUCTUATIONS 

BY  GATING  TIE  OUTPUT  CF  TEE  DETECTOR  TO  MORE  THAN  IN  THE  COUNT  RATE  SUCH  AS  MIGHT  BE  CAUSED  BY  WAVES 

ONE  ACCUMULATOR  AT  T>£  EXPENSE  OF  INFORMATION  FROM  IN  THE  PLASMA  OR  BY  RAPID  CHANGES  IN  THE 

SOfE  OF  THE  OTHERS.  DURING  THE  DWELLS  IT  IS  SPACECRAFT  POTENTIAL. 

POSSIBLE  TO  OBTAIN  UP  TO  24  READINGS  A SEC  FROM 

ONE  DETECTOR,  SUBSEQUENTLY  INCREASING  THE  TIPE  16.4  OPERATIONAL  ASPECTS 


TO  ROTATE  BOTH  RDftS  THROUGH  THEIR  FULL  ROTATION 
ANGLE  WHILE  Tit  ANALYZERS  SCAN  SEQUENTIALLY 
THROUGH  Tit  64  DISCRETE  EXPONENTI  ALLY-SPACED 
ENERGY  LEVELS.  Tit  PROGRAM  STARTS  AT  Tit  L CHEST 
ENERGY  LEVEL  AND  PROCEEDS  TO  1>C  HIGHEST  LEVEL  FOR 
EACH  DETECTOR.  Tit  TRANSITION  TIME  BETWEEN  ENERGY 
LEVELS  MAY  BE  ASSUMED  TO  BE  NEGLIGIBLE.  THIS 
NORMAL  MODE  OF  OPERATION  IS  CALLED  Tit  SCAN  ONLY 
MODE  IN  WHICH  Tit  ANALYZER  ENERGY  IS  CONTROLLED  BY 
CONSECUTIVE  SCAN  PROGRAMS. 

WlfNEVER  T>€  EXPERIMENT  IS  TURNED  ON  IT  COMES  INTO 
Tit  NORMAL  MODE  OF  OPERATION  UN.  ESS  ADDITIONAL 
COFMANDS  ARE  SENT  TO  OOFMAND  IT  INTO  A SPECIAL 

mode.  Most  special  modes  of  operation  will  be 

CHOSEN  AS  PART  CF  Ht  EXPERIMENT  OPERATIONS  PLAN. 

Special  modes  that  will  be  frequently  used  involve 

RESTRICTING  Tit  ANGLES  OF  ROTATION  OF  Tit  RO\s  TO 
SPECIAL  ANGLE  INTERVALS,  OR  STOPPING  THE  RIAs  AT  A 
CERTAIN  FIXED  POSITION.  OTItR  SPECIAL  MODES  WILL 
INTERSPERSE  Tit  ENERGY  SCAN  PROGRAM  WITH  DWELL 
INTERVALS  VrtN  Tit  ANALYZER  ENERGY  IS  FIXED  FOR 
PREDETERMINED  PERIODS  BY  COFMAND.  Tit  BROADBAND 
TRANSMISSION  CF  Tit  FILTERED  OOUNT  RATE  SIGNAL  IS 
ALSO  A SPECIAL  MODE  CHOSEN  BY  COFMAND. 

Special  modes  of  operation  will  be  used  during  Tit 

EXPERIMENT  OtCKOUT  SEQUENCE,  DURING  THE  TRANSFER 

17.  SCIO  ELECTRIC 

17.1  SCIENTIFIC  OBJECTIVES 

One  of  Tit  primary  goals  cf  the  Electric  Field 
Detector  differential  feasurements  is  the 

OBSERVATION  CF  THE  STEADY  STATE  CCNVECTIONAL 
ELECTRICAL  FIELDS  THAT  ARE  KNOWN  TO  EXIST  AT  Tit 
PLANNED  ORBITAL  ALTITUDE  OF  Tit  P78"2  SATELLITE. 
Tit  EXISTENCE  OF  HESE  FIELDS  IS  I ft  ERRED  FROM  Hf 
EXTRAPOLATION  CF  CCNVECTIONAL  PLASMA  VELOCITIES  IN 
THE  HIGH  LAT I TIDE  ICNOSFHERE  TO  SYNCHRONOUS 
ALTITUDE  AND  FROM  Tit  OBSERVATION  IN  Iff  VI  DATA 
CF  HIGH  AMPLITUDE  TRANSIENT  ELECTRIC  FIELDS  IN  Tit 
MIDNIGHT  MERIDIAN  DURING  Tit  ONSET  PHASE  CF 
AURORAL  SIESTORM  EVENTS.  TltSE  LARGE  AMPLITUDE 
TRANSIENT  ELECTRIC  FIELD  EVENTS  ARE  Oft.  CF  SEVERAL 
POSSIBLE  INJECTION  MECHANISMS  FOR  Tit  PERIODIC 
INCREASES  CF  MAGNETOS PHER I C PARTICLES  THAT  HAVE 
BEEN  OBSERVED  WITH  EXPERIMENTS  SIMILAR  TO  Tit  SG 

UCSD  Charged  Particle  Experiment  during  Tit  onset 


ORBIT,  AND  DURING  TIMES  WtN  Tit  ELECTRON  AND  ION 
BEAM  EXPERIMENTS  ARE  OPERATED.  DURING  Tit 
TRANS! ER  ORBIT  Hf  ELECTRONICS  WILL  BE  TURNED  ON 
TO  PREVENT  Tit  EXPERIMENT  FROM  GETTING  TOO  COLD. 

Data  will  be  transmitted  during  portions  cf  nt 

TRANSFER  ORBIT.  Tit  RD<\s  WILL  NOT  BE  ROTATING  AT 
THIS  TIME  EECAUSE  OF  Ht  HIGH  SPIN  RATES  CF  Ht 

vehicle.  During  experiment  checkout  a nifiber  of 

SPECIAL  MODES  OF  OPERATION  WILL  BE  TESTED  TO 
ASCERTAIN  Tit  EXPERIMENT  PERFORMANCE.  Tit  COFMAND 
SEQUENCE  FOR  Tit  CHECKOUT  OPERATION  WILL  BE  PART 
CF  THE  ORBITAL  OPERATIONS  FLAN.  DURING  INITIAL 
OPERATION  CF  Ht  SC4  ELECTRON  AND  POSITIVE  I ON 

Beam  Systems,  Tit  return  currents  to  tie 

SPACECRAFT  AT  Tit  SG  PAYLOAD  WILL  BE  MEASURED. 
Tit  SG  AND  SC4  WILL  SUBSEQUENTLY  BE  OPERATED  SO 
"IHAT  Hf  MEASURED  CURRENTS  ARE  NOT  LARGE  ENOUGH  TO 

damage  the  SPIRALTRON.  Each  SP  f RALTRCN  has  a 

LIFETIME  DETERMIftD  BY  A MAXIMUM  NUMBER  OF  COINTS 
THAT  IT  CAN  TOLERATE.  NEAR  Tit  END  CF  ITS 

LIFETIME,  TTf  RESPONSE  OF  A SPIRALTRON  WILL 
DEGRADE.  At  TIMES  TIE  BIAS  ON  THE  SPIRALTRON  MAY 
EE  CHANGED  BY  COFMAND  IN  ORDER  TO  INCREASE  HEIR 
LIFETIME  AND  DETERMIft  THE  STATUS  CF  DEGRADATION. 

There  will  be  other  periods  cf  orbital  operations 

WHEN  SPECIAL  MODES  WILL  BE  USED  FOR  STUDYING 

PARTICULAR  PHENOMENA  OR  FOR  CARRYING  ON 
COLLABORATIVE  STUDIES  WITH  OTHER  EXPERIMENTS. 

FIELD  DETECTOR 

FHASE  OF  HE  AURORAL  SIBSTORM  EVENTS  CN  Tit  ATS 

SERIES  OF  SATELLITES. 

Another  goal  cf  this  experiment  is  to  measure 

ELECTRIC  FIELDS  FRCM  TRANSIENT  EVENTS  SUCH  AS 
ELECTROSTATIC  DISCHARGE  ON  SELECTED  SPACECRAFT 
INSULATING  SURFACES.  THIS  ANTENNA,  ALONG  WITH 
THREE  OTHER  SCI  ANTENNAS,  WILL  BE  USED  TO 

CHARACTERIZE  ELECTROMAGNETIC  INTERFERENCE  IN  THE 
VICINITY  OF  Ht  SPACECRAFT.  Tit  COFMON  MODE 

SIGNAL  CF  THIS  EXPERIMENT  RELATES  ELECTRIC  FIELDS 
IN  Tit  INDISTURBED  AMBIENT  MEDIIM  OF  Ht  FLASMA. 

CGFMON  MODE  DATA  EXCURSIONS  FRCM  TIE  ELECTRIC 

FIELD  EXPERIMENT  CN  Tit  Ilf  VI  SATELLITE  WERE 
SHOWN  TO  CORRESPOND  TO  SPACECRAFT  CHARGING 
EVENTS.  Tit  COFMON  MODE  PART  CF  Tit  SCIO  ELECTRIC 

Field  Detector  should  prove  usefu.  in 

UNDERSTANDING  SPACECRAFT  CHARGING  (a)  BECAUSE  OF 
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TIE  VEKY  GOOD  TEMPORAL  RESOLUTION  AVAILABLE  FROM 
THIS  S1MFOE  MEASUREMENT,  (b)  BECAUSE  OF  Tit 
POSSIBILITY  OF  EXTRAPOLATING  TI£  P78“2  SPACECRAFT 
RESULTS  TO  LCKER  AND  HIGHER  SATELLITE  ALTI  TIDES  - 
(C)  BECAUSE  OF  Tit  EXPECTED  SENSITIVITY  CF  THIS 
EXPERIMENT  TO  ACTIVE  CHARGING  EVENTS  PROVIDED  BY 
THE  SCA  EXPERIMENT,  AND  (d)  BECAUSE  OF  Tit  EASE  CF 
FOLDING  TFtSE  EVENTS  INTO  MORPHOLOGICAL  STIDIES  CF 
CHARGING  EVENTS  AS  A FUNCTION  OF  ORBITAL  POSITION, 
LOCAL  TIME,  AND  AURORAL  ACTIVITY. 

17  2 MEASURING  TECHNIQUE 

Tit  SC10  ELECTRIC  FIELD  EXPERIMENT  IS  A NASA' 
SUPPLIED  DOUBLE  FLOATING  ENSEMBLE  THAT  KILL 
MEASURE  DC  ELECTRIC  FIELDS  IN  Tit  AMBIENT  FLASMA 
AND  ALSO  SPACECRAFT  CHARGING  EVENTS.  THE 
EXPERIMENT  CONSISTS  CF  TFREE  PAYLOAD  PACKAGES. 

The  SC10-2  and  SC10-3  units  are  iffurlable 

ANTENNAS.  WltN  EE  PLOYED,  TItSE  ANTENNAS  WILL  FORM 
A 100-M  TIP-TO-TIP  DIPCLE.  THE  SClOl  ELECTRONICS 
PACKAGE  CONTAINS  HIGH  INPUT  IMPEDANCE  AMPLIFIERS, 
HIGH  PRECISION  DIFFERENTIAL  AMPLIFIERS,  AND  A LOW 
FREQUENCY  SPECTRUM  ANALYZER.  TpE  EXPERIMENTAL 
OBJECTIVES  ARE  TWOFOLD.  TFE  DIFFERENTIAL  SIGNAL 
IMPRESSED  UPON  Tit  DIPOLE  ANTENNA  WILL  YIELD 
DIRECT  MEASUREMENT  ON  Tit  AMBIENT  CONVECTIONAL 
ELECTRICAL  FIELDS  IN  THE  PLASMA  OF  GEOFHYSICAL 
INTEREST.  Also,  TFE  COWON  MODE  SIGNAL  OF  A 
SINGLE  ANTENNA  WILL  MONITOR  SPACECRAFT  CHARGING 
EVENTS,  Tit  100-M  DIPOLE  ANTENNAS  ARE  USED  AS 
DOUBLE  FLOATING  PROBES.  THE  IMER  30  M SECTIONS 
GF  THESE  50-M,  1/A'INCH  DIAMETER  ANTENNAS  ARE 
COATED  WITH  KAPTON  INSULATION  TO  MOVE  Tit  OUTER 
20-M  ACTIVE  PROEE  AREAS  AWAY  FRCM  Tit  PLASMA 
SHEATH  OF  Tit  SATELLITE  THAT  CAN  OVERLAP  AND  THUS 
CONTAMINATE  Tit  PROBE  MEASUREMENTS. 

These  long  antennas  are  expected  have  unique 

SIGNAL-TO-NOISE  CHARACTERISTICS  COMPARED  TO  TFE 
OTHER  ANTENNA  ABOARD  TIE  P78~2  SATELLITE.  BECAUSE 
CF  THESE  CHARACTERISTICS,  Tit  100"M  DIPOLE  ANTENNA 
SUPPLIED  EY  THIS  EXPERIMENT  IS  SHARED  WITH  Tit 

SQ-7  and  SC1-8  TF  and  VLF  experiments.  An 
ELECTRICAL  INTERFACE , SHOWN  IN  FIGURE  17.1,  RUNS 
BETWEEN  THE  SC10~2  AND  SllO'S  ANTENNA  PACKAGES  AND 
THE  SCi  PPEAMFLIFIERS  BY  MEANS  OF  A 10'K  RESISTOR 
IN-t  INE  WITH  THE  LOW  FREQUENCY  PREAMPLIFIERS. 

In  addition  to  this  cross-coupling  to  Tit  SCI 


EXPERIMENT,  ONE  OF  Tit  0.2  TO  200  Hz  RMS  ANALYZERS 
IN  TFE  SC10-1  ELECTRONICS  PACKAGE  CAN  BE  COWANDED 
TO  DETECT  Tit  OUTPUT  GF  Tit  X'AXIS  GF  THE  SC11 
MAGNETOMETER  OUTHJT.  Tit  COMMANDABLE  FEATURE  IS 
INDICATED  IN  Tit  BLOCK  DIAGRAM  SHOWN  IN  FIGURE 
17.2.  WltN  OPERATING  IN  TPt  MAGNETIC  FIELD  MODE, 
THIS  PORTION  CF  THE  SC10  EXPERIMENT  WILL  PROVIDE 
MORfHOLOGICAL  DATA  RELATIVE  TO  Tit  E AND  B NOISE 
AT  Tit  ORBIT  OF  Tit  P78'2  SATELLITE. 


Figure  17.1.  IntrapaYload  Functions 

17  3 FUNCTIONAL  BLOCK  DIAGRAM 


Tit  BLOCK  DIAGRAM  OF  THE  SC10  EXPERIMENT  IS  SHOWN 
IN  SOME  DETAIL  IN  FIGURE  17.2.  Tit  SIGNALS  FROM 
THE  SC10-2  AND  SC10-3  ANTENNAS  ARE  MONITORED 
DIRECTLY  WITH  SEVERAL  VOLTAGE  GAINS  (COMMON 
MODE).  Tit  DIFFERENTIAL  SIGNAL  BETWEEN  Tit 
ANTENNAS  IS  LIKEWISE  MONITORED  WITH  SEVERAL 
VCLTAGE  RANGES.  IN  ADDITION,  THESE  SIGNALS  ARE 
MONITORED  IN  THE  FOURIER  DOMAIN  AS  RMS  SIGNALS  IN 
FOUR  FREQUENCY  BANDS  BETWEEN  0.2  AND  200  Hz.  THE 
SC10  EXPERIMENT  OUTPUTS  TO  TELEMETRY  ARE  TFE 
FOURTEEN  PRIMARY  WORDS  LISTED  IN  TABLE  17.1.  In 
ADDITION,  A REALTIME,  WIDEBAND  FMf-FM  LINK  IS 
AVAILABLE  ON  COWAND  AND  IS  PLANNED  FOR  OPERATIONS 
UP  TO  3 HR/DAY  IN  ORDER  TO  COVER  A NUMBER  OF 
DIFFERENT  LOCAL  TIME  REGIONS.  As  INDICATED  IN 

Table  17.1,  this  link  will  provide  electric  field 
DATA  IN  THE  REALTIME  DOMAIN  FROM  0 TO  200  Hz 
FREQUENCY  AND  BANDWIDTH. 

Although  the  maximim  voltage  range  of  T>t  cgwon 
MODE  AMPLIFIERS  IS  SET  AT  5 KEV  (TABLE  17.1),  Tit 
SC10-2  -3  AND  PACKAGES  CONTAIN  SPARK  GAP 

PROTECTION  TC  LIMIT  THE  MAXIMIM  EXCURSION  CF  Tit 

two  50-m  antennas  to  3.5  k V.  This  protection  is 

REQUIRED  TO  LIMIT  THE  MAXIMIM  VOLTAGE  IN  ORBIT  ON 
THESE  ANTENNAS  TO  A VOLTAGE  RANGE  WHERE  SFORIOUS 
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Figure  17.2.  Electric  Field  Monitor  Block  Diagram 


HIGH  VCLTAGE  DISCHARGES  TO  TIC  ANTENNA  MECHANISMS 
WILL  NOT  PRODUCE  EQUIPMENT  FAILURES  IN  EITTCR  TFE 
INTERCONfCCTING  EXPERIMENT  PACKAGES  OR  TO  NEARBY 
SPACECRAFT  SYSTEM  FUNCTIONS.  TlC  ELECTROSTATIC 
ENERGY  DISCHARGED  THROUGH  THESE  SPARK-GAPS  CN 
FIRING  IS  EXPECTED  TO  CORRESPOND  TO  TFE  ^0  fF 
BASE  CAPACITY  CF  TIC  ANTENNA  FCCHANISM5  TO 
GROUND.  It  IS  EXPECTED  THAT  TTCSE  SPARK-GAPS  WILL 
DISCHARGE  ON_Y  DURING  TIC  HIGHEST  VOLTAGE  CHARGING 
EVENTS  AND  TTCSE  CONTROLLED  DISCHARGES  WILL  BE 
MONITORED  ON  TIC  ±5  KEV  COmON  MODE  TELEMETRY 
OUTPUTS  INDICATED  IN  TABLE  17.1. 


Table  1 7.1  Measurement  Modes 


Format 

Common  Mode 

Differential 

digitiaed  waveform 

\ range a 

a)  i 15  V 

b)  * 100  V 

c)  li.OOO  V 

1 gatna 

a)  X. 02$ 

b)  X.  2$ 

c)  X2.  5 

digitiaed  fourier 
, analysed  wave 

4 f requency 

a)  0.  t to  1.0  Ha 

bit  to  2 Ha 

c)  2 to  20  Ha 

d>  20  to  200  Ha 

a)  0.  I to  1.0  Ha 

b)  1 to  2 Ha 

c)  2 to  20  Ha 

d)  20  to  200  Ha 

FM-TM 

I 

not  available 

DC  to  200  Ha  VCO  if  ana- 
miaaion  up  to  1 hr/day 

17.4  OPERATIONAL  ASPECTS 

Tic  SCK)  antennas  will  not  be  ee ployed  lntil 

SEVERAL  WEEKS  AFTER  SPACECRAFT  ORBIT  INSERTION  IN 
CREER  TO  GIVE  CTICR  E»>ER  IMENTS , WHICH  ARE 
SENSITIVE  TO  THE  SATELLITE  SHEATH,  A BASEL  I IC 
FERICD  WITHOUT  TTCSE  LONG  DOUBLE  FLOATING  PROBES. 

After  this  initial  period,  these  antennas  will  be 


EE  PLOYED  IN  THREE  STAGES  TO  THREE  ANTENNA  LENGTHS 
TO  STUDY  TIC  PROBE  CHARACTERISTICS  OF  THESE 
ANTENNAS  WITH  VARYING  DEGREES  CF  OVERLAP  FROM  TIC 
SATELLITE  SHEATH.  TlC  DEPLOYMENT  MOTORS  OF  THESE 
ANTENNAS  HAVE  SPACE  BRUSH  MATERIAL  TO  ALLOW 
ADDITIONAL  CHANGES  IN  TIC  ANTENNA  LENGTH  DURING 
THE  COMPLETE  LIFETIME  OF  TIC  SATELLITE.  It  IS 
EXPECTED  THAT  THE  ANTENNAS  LENGTHS  WILL  BE  KEPT  AT 
100  M TIP-TO-TIP  FOR  TIC  DURATION  OF  TIC  P78"2 
SPACECRAFT  LIFETIPC. 

Tic  gain  functions  of  tic  electronics  package  can 

BE  CALIBRA~ED  WITH  INTERNAL  AC  AND  DC  WLTAGE 
sources.  This  calibration  sequence  is  activated 
BY  GROUND  COPMAND  (FIGURE  17.2)  AND  WILL  BE  USED 
ONLY  HCREQUENTLY.  It  IS  ANTICIPATED  THAT  TIC 
DATA  FROM  THIS  LOW  POWER  EXPERIMENT  WILL  EE 
ACQUIRED  DURING  ALL  NORMAL  PCM  DATA 
TRANSMISSIONS.  WIDEBAND  ELECTRIC  FIELD  DATA  WILL 
BE  TRANSMITTED  ON  A TIME  SHARING  BASIS.  WIDEBAND 
DATA  FROM  THE  SC10  EXPERIMENT  ARE  HARDWIRED  IN  TIC 
SATELLITE  DATA  PROCESSOR  TO  BE  TRANSMITTED 
SIMULTANEOUSLY  WITH  WIDEBAND  DATA  FRCM  THE  SC11 
AND  SC9  EXPERIMENTS.  THIS  WILL  SIMPLIFY  DATA 
REDUCTION  SINCE  THESE  THREE  EXPERIMENTS  ARE 
RELATED  TO  TIC  GENERAL  STUDY  OF  WAVE-PARTICLE 
INTERACTIONS. 
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18.  SC11  MAGNETIC  FIELD  MONITOR 


18  1 SCIENTIFIC  OBJECTIVES 

Data  frcm  the  Magnetic  Field  Monitor  will  be  used 

TO  ANALYZE  THE  FIELD  ALIGNED  AND  DISTRIBUTED 
CURRENT  SYSTEMS  IN  THE  LOW  LATITUDE  REGION  AROUND 
SYNCHRONOUS  ALTITIDE.  MAGNETOPAUSE  CROSSINGS  ARE 
TO  BE  EXPECTED,  AND  THE  MAGNETIC  FIELD 
MEASUREMENTS  WILL  CONTRIBUTE  TO  COORDINATED 
INVESTIGATIONS  CF  MAGNETOPAUSE  STRUCTURE. 
WlEEEAND  ('100  Hz)  MAGNETIC  FIELD  MEASUREMENTS, 
SIMULTANEOUS  WITH  WIDEBAND  SClO  ELECTRIC  FIELD  AND 
SC9  PARTICLE  MEASUREMENTS  WILL  BE  USED  IN 
WAVE-PARTICLE  INTERACTION  INVESTIGATIONS.  THESE 
DATA  SHOULD  CONTRIBUTE  TO  A BETTER  UNDERSTANDING 
CF  THE  MAGNETOSPHERE  DYNAMICS  AS  IT  EFFECTS 
SPACECRAFT  CHARGING.  Tit  MAGNETIC  FIELD  DATA  WILL 
ALSO  BE  USED  IN  SPACECRAFT  CHARGING  MODELS  TO 
COMPUTE  LOCAL  PARTICLE  TRAJECTORIES  AND  FOR 
ENV1ROPWENTAL  MODELING. 

18  2 MEASURING  TECHNIQUE 

Tit  INSTRUMENT  IS  A TRIAXIAL  FLUXGATE 
MAGNETOMETER.  EACH  AXIS  HAS  A RANGE  CF 
APPROXIMATELY  ±500  X(1  - 1 NT).  To  REDUCE 
ABSOLUTE  ERRORS  IN  THE  MEASUREMENT  OF  THE  MAGNETIC 
FIELD,  A MAGNETICS  CONTROL  PROGRAM  IS  BEING 
IMPLEMENTED.  It  INCLUDES  BOTH  SUBSYSTEM  AND 
SYSTEM  LEVEL  PEASUREMENTS . Tp£  MAGNETOMETER 
SENSOR  IS  LOCATED  AT  TPE  END  OF  A A'M  BOOM.  The 
SENSOR  AXES-  X,  Y,  AND  Z,  ARE  ACCURATELY  ALIGNED 
WITH  TIL  CORRESPONDING  SPACECRAFT  AXES  (SEE  FIGURE 

2.2).  An  error  analysis  performed  by  the 

SPACECRAFT  MANUFACTURER  ESTIMATES  THAT  TIL 
ABSOLUTE  ACCURACY  OF  PEASUREMENTS  OF  TEL  AMBIENT 
MAGNETIC  FIELD  COMPONENT  ALONG  THE  SPACE  VEHICLE'S 

X-axis  will  be  better  than  one  gapma  at  one  sigma 

CONFIDENCE  LEVEL.  ERRORS  IN  TIL  OTHER  TVO  AXES 
WILL  BE  LESS  THAN  IN  TEL  X’AXIS.  TlL  SPACECRAFT'S 
SPIN  PROVIDES  INFLIGHT  INFORMATION  ABOUT  THE 
MAGNETOMETER  ZERO  LEVELS  AND  TEL  SPACECRAFT 
MAGNETIC  FIELD  CCMPONENTS  ALONG  THOSE  TWO  AXES. 

18  3 FUNCTIONAL  BLOCK  DIAGRAM 

A BLOCK  DIAGRAM  IS  SHOWN  IN  FIGURE  18.1.  THE 
ANALOG  OUTPUT  (CF5  V)  OF  EACH  AXIS  IS  PROCESSED  BY 
a 4-bit  suetractor.  Tee  residual  voltage  is  then 
amfl if ied  by  a factor  of  approximately  13.  Tel 

AMPLIFIED  VOLTAGES  AND  ANALOG  REPRESENTATIONS  CF 


TEL  STATE  OF  TEE  4'BIT  SltlTRACTORS  ARE  FED  TO  TEL 
spacecraft's  A/D  CONVERTOR  (on  lines  marked  "X 
FINE,"  "X  COARSE,"  ETC.  IN  FIGURE  18.1).  GROUND 
CALIBRATIONS  OF  TEE  4-BIT  SUBTRACTORS  ARE  THEN 
USED  TO  RECONSTRUCT  TEE  ANALOG  OUTPUT  CF  EACH  AXIS 
FRCM  TEE  TELEMETERED  COARSE  AND  FINE  SIGNALS.  THE 
RESOLUTION  OF  TEL  MAGNETIC  FIELD  MEASUREMENT  IS 

0.3/.  Tel  sampling  rate  is  foil  vectors  per 
sec.  Tee  flux  gate  signals  are  filtered  by  a low 
PASS  FILTER  WITH  a POLE  AT  2 Hz,  TO  REDUCE 
ALIASING  OF  TEL  SAMPLED  DATA.  TlL  SIX  WORDS, 
COARSE  AND  FINE  FOR  EACH  AXIS,  ARE  SAMPLED 
CONSECUTITELY  BY  TEE  A/D  CONVERTOR.  DURING  THIS 
SAMPLING  INTERVAL  TEE  INPUTS  TO  THE  SUBTRACTORS 
ARE  CONTROLLED  BY  A SPACECRAFT  "HOLD  GATE"  SIGNAL. 

As  A BACKUP,  THE  FILTERED  SIGNALS  FROM  EACH 
FLUXGATE  AXIS  ARE  ALSO  FED  DIRECTLY  TO  THE 
SPACECRAFT'S  A/D  CONVERTOR  WHERE  THEY  ARE  SANf’LED 
CONSECUTIVELY  AT  A REPETITION  RATE  OF  1 VECTOR  PER 

sec.  The  resolution  of  this  data  is  ~4X. 

The  signals  from  the  spin  axis  fluxgate  (X-axis) 

ARE  FED  DIRECTLY  WITHOUT  FILTERING  TO  A 

spectrometer  in  the  Electric  Field  Detector  SOD. 
The  SClO  experipent  has  the  capability  by  ground 

COPMAPO  OF  SELECTING  THIS  SIGNAL,  OR  AN  INTERNAL 
SIGNAL,  AS  INRJT  TO  THE  SPECTROPETER.  THE 

BANDWIDTH  OF  THE  MAGNETIC  FIELD  SIGNAL  TO  THE 
SPECTROPETER  IS  APPROXIMATELY  100  Hz.  THE  X'AXIS 
SIGNAL  IS  ALSO  TELEMETERED  BY  THE  BROADBAND 

TELEMETRY  SYSTEM.  The  X'AXIS  SIGNAL  IS  BANDPASS 
FILTERED  AM)  APPLIFIED  BY  A FACTOR  OF  303,  WHICH 
RESULTS  IN  A SENSITIVITY  OE  THE  SIGNAL  TO  THE 

SPACECRAFT  WIDEBAND  TELE  PE  TRY  OF  200  M //V.  The 
HIGH  FREQUENCY  ROLL  OFF  OF  THE  BANDPASS  FILTER  IS 
APPROXIMATELY  100  Hz.  The  LOW  FREQUENCY  ROLL  OFF 
IS  SELECTABLE  BY  COPMAND  AS  EITHER  1 OR  5 Hz. 

18  4 OPERATIONAL  ASPECTS 

After  initial  inflight  operations,  current  plans 

CALL  FOR  REALTIPE  DATA  TO  BE  EXAMINED  ONCE  PER 
WEEK  TO  PEASURE  INSTRUPENT  ZERO  LEVELS  AND 
SPACECRAFT  FIELDS  IN  THE  SPIN  PLANE.  A 
CALIBRATION  PULSE.  WHICH  INDICATES  THE  SENSITIVITY 
OF  ALL  THREE  AXES,  WILL  BE  SENT  DURIPG  THESE  DATA 
INTERVALS.  It  IS  ANTICIPATED  THAT  VECTOR 
PW5NETOPETER  DATA  WILL  BE  ACQUIRED  DURING  ALL 
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normal  dCM  data  transmissions.  Broadband 

MAGTETOTETER  QATA  WILL.  HOWEVER.  BE  TRANSMITTED  ON 


A TIMESHARING  BASIS. 


XOfflEC!  V DIRK  l /nine: 


Figure  18  1.  Magnetic  Field  Monitor  Block  Diagram 

19.  ML12  SPACECRAFT  CONTAMINATION 


19  1 SCIENTIFIC  OBJECTIVES 

TlE  Mi 2 EWER IMENT  IS  DESIGNED  TO  DETERMINE  IF 
SPACECRAFT  CHARGING  CONTRIBUTES  SIGNIFICANTLY  TO 
TEE  RATE  OF  CONTAMINATION  ARRIVING  AT  EXTERIOR 
SPACECRAFT  SURFACES . TlE  CONTAMINATION  TRANSPORT 
MODE  UNDER  INVESTIGATION  INVOLVES  TTE  IONIZATION 
CF  MOLECULES  OUTGASSED  OR  RELEASED  BY  TIE  VEHICLE 
WITHIN  TTE  VEHICLE  FEASMA  STEATH  AND  TTEIR 
SUBSEQUENT  ELECTROSTATIC  REATTRACTION  TO  THE 

vehicle.  Measurements  of  incident  contamination 

RESULTING  FROM  BOTH  CHARGED  AND  NEUTRAL  MOLECULES 
WILL  BE  COMPARED  WITH  TTE  RESU  T$  OF  OTTER 
EXPERIMENTS.  SUCH  AS  THOSE  THAT  DETERMITE  THE 
SPACECRAFT  SURFACE  POTENTIALS  AND  TTE  PLASMA 
SHEATH  DIMENSION.  CARE  WILL  BE  TAKEN  TO 
CORRELATE  CONTAMINATION  EVENTS  WITH  CONTROLLED 
CHANGES  IN  SPACECRAFT  POTENTIAL  CAUSED  BY 
ACTIVATION  OF  TTE  ONBOARD  ELECTRON  AND  ION  BEAM 

systems  (SC9).  The  IU2  experiment  also  provides 


A CONTAMINATION  MONITOR  FOR  OTTER  EJRERIMENTS  ON 
TTE  P78-2  SPACECRAFT. 

19  2 MEASURING  TECHNIQUE 

The  SENSOR  TYPES  WILL  BE  FLCWN.  ONE  TYPE  IS  A 

COMBINATION  RETARDING  POTENTIAL  ANALYZER  (RPA)  AND 
TEMPERATURE  CONTROLLED  QUARTZ  CRYSTAL  MICROBALANCE 

(T&CM)  shown  in  Figure  19.1.  With  it.  distinction 

CAN  BE  MADE  BETWEEN  CHARGED  AND  UNCHARGED  ARRIVING 
MOLECULES.  AND  INFORMATION  CONCERNING  TTE 
TEMPERATURE  DEPENDENCE  OF  CONTAMINATION  ADSORPTION' 
AND  DESORPTION  kATES  CAN  BE  OBTAINED.  TlE  OTHER 
SENSOR  TYPE,  THERMAL  CONTROL  COATING  (TCC)  TRAYS, 

Figure  19.2,  exposes  samples  of  different 

SPACECRAFT  SURFACE  MATERIALS  TO  ARRIVING 

ONTAMI NATION  AND  CONTINUOUSLY  MEASURES  TTE 

TEMPERATURE  AND  TENCE  SOLAR  AESORPTANCE  (a$)  of 
THESE  MATERIALS.  CHANGES  INCig  OF  SPACE  STABLE 
SAMPLES  WILL  BE  ENTIRELY  ASCRIBED  TO  CONTAMINATION 
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Figure  19  1 RPA/TQCM  Sensor 


19.3  FUNCTIONAL  BLOCK  DIAGRAMS 


The  KPA/TQCM  diagram  is  show  as  Figure  19.3.  The 

RPA  IS  CON\ENTIONAL  EXCEPT  THAT  IT  HAS  A LARGE 
(3.05  SR  I FIELD  OF  VI Eh'  AND  AN  ANNULAR  COLLECTOR 
SO  THAT  SOME  OF  TEC  INCOMING  FLUX  CAN  REACH  TEE 
MASS  DETECTOR  SITUATED  JUST  BELOW  IT.  THE  RPA 
GRID  MAY  BE  COMMANDED  TO  ANY  OF  TEE  FOLLOWING 
POTENTIALS  OR  EE  CAUSED  TO  CONTINUOUSLY  CYCLE 
THROUGH  THEM  AT  8 SEC/STEP:  '100,  *10,  "L  0,  1, 
10,  100,  500  V.  Tie  collector  is  approximately  1 

CAT;  TVE  ELECTROMETERS  WILL  ICASURE  CURRENT  IN 
TIC  10" J2  T0  20"^  A RANGE  TO  A RESOLUTION  OF 
APPROXIMATaY  10”^  A.  THIS  CORRESPONDS  TO  6 X 
lO10  TO  6 X Kt*  ELECTRONS  PER  SQUARE  METER 
PER  SEC  OR  TEE  EQUIVALENT  IN  IONIZED  MOLECULES. 


Figure  19.2.  TCC  Sensor 


There  are  two  of  each  type  of  sensor  on  tec 
SATELLITE.  BOTH  TCC  TRAYS  AND  ONE  RPA/TQCM  VIEW 
RADIALLY , TEE  OTHER  RPA/TQCM  VIEWS  AXIALLY  FROM 
THE  "FORWARD"  END  OF  THE  SPACE  VEHICLE . 

Simultaneous  measurement  of  ion  currents  and  mass 

DEPOSITION  RATES  Wla  PERMIT  TEE  CALCULATION  CF 
AVERAGE  CHARGE-TC-MASS  RATIOS  OF  DEPOSITED 
CONTAMINANTS.  HOWEVER,  THE  INSTRUMENT 
SENSITIVITIES  AND  ARRIVING  PARTICLE  FLUXES  WILL 
PROBABLY  BE  SUCH  THAT  SOME  TIME  INTEGRATION  WILL 
BE  REQUIRED  FOR  THESE  DETERMINATIONS.  CONTROL  CF 
TEC  TEMPERATURE  CF  THE  QCMs  Will.  ENHANCE  THEIR 
STABILITIES  AND  PERMIT  MEASUREMENT  OF  CONTAMINANT 
DEPOSITION  AT  SEVERAL  TYPICAL  SATELLITE  SURFACE 
TEMPERATURES . 
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Figure  19.3.  RPA/TQCM  Block  Diagram 

The  first  grid  is  usiwaY  at  telefftry  ground 


Information  on  tee  sample  degradation  by 
CONTAMINANTS  WILL  BE  OBTAINED  BY  COMPARING  TEC 
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• ' NTIAL  TO  INCREASE  TI€  EFFECTIVE  AREA  OF  THF 

vTure.  The  su  binding  ionductively  coated 

T\D  IATUR  [S  ' JNNEC  TED  TO  IELEPETRY  GROUND  THROUGH 

approximately  ID  ohms.  The  space  vehici_e  surface 

AROUND  ALL  FOUR  SENSORS  IS  ALSO  CONDUCTING  AND 
GROUNDED  SO  THAT  LOCAL  PERTURBATIONS  TO  THE 
ELECTR IC"FI ELD  ARE  MINIMISED. 

Figure  19. A shows  a block  diagram  of  the  TCC 
experiment.  Each  TCC  package  consists  of  a sample 

TRAY  AND  A SIGNAL  "PROCESSOR:  THE  DESIGN  OF  THE 
LATTER  WAS  UPGRADED  FROM  THAT  USED  ON  PREVIOUS 
FLIGHTS.  THE  SAPMLE  DISCS  WILL  HAVE  OPE  OR  TWO  OF 
THE  THREE  RANGE  OVERLAPPING  THERMISTORS 
CONNECTED.  A FUIX  SET  OF  THERMISTOR  VALUES  WILL 
BE  RECORDED  EVERY  16  SECONDS  FROM  EACH  TRAY 
THROUGHOUT  T>€  MISSION.  In  ADDITION,  SIX  S APPLES 
ARE  EQUIPPED  WITH  HEATERS  DESIGltD  TO  HEAT  THEM  TO 
MAXIMUM  TEPPERATURE  OF  212°F  WITH  THREE  STEPS 
BELOW  THE  MAXIMUM.  The  CALIBRATED  SAMPLE  HEATERS 
WILL  BE  ACTIVATED  ON  GROUND  COPMAND.  THE  SAMPLES 
ARE  HEATED  FOR  OIE  HOUR  AND  THEN  AU.OWED  TO  COO. 
FOR  TWO  HOURS  SO  THAT  ANY  CHANGE  IN  d$  CAN  BE 
RECORDED  BEFORE  THE  ICXT  HEATING  CYCLE  STEP.  The 
SEQUENCE  OF  FOUR  HEATING  STEPS  OCCURS 
AUTOMATICALLY  AFTER  THE  COPMAND  IS  ISSUED. 
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Figure  19  4 TCC  Block  Diagram 


19  4 OPERATIONAL  ASPECTS 

Each  RPA/TQCM  is  fitted  with  a spring-loaded 

HINGED  COVER  THAT  IS  RELEASED  ON  GROUND  COPMAND. 

The  covers  protect  the  sensors  and  radiators  from 
contamination  during  satellite  fabrication  and 
launch.  Tie  MLl 2-7  cover  will  be  opened  early  in 
TRANSFER  ORBIT.  OPENING  THE  MJ2"6  COVER  MUST 
AWAIT  VEHICLE  SPIN  DOWN  IN  TIE  FINAL  CRBIT.  TlE 
TCC  TRAYS  HAVE  COVERS  THAT  WILL  BE  REMOVED  THROUGH 
A DOOR  IN  TIE  PAYLOAD  FAIRING  JUST  PRIOR  TO 


. AuNCH.  All  FOUR  COVEnS  Ai<E  fitted  HTH  EXTERNA 
• ONI  AMINA  1 1 LN  WITNESS  RATES  TL  IT  REMOVED  EEFCi'E 

launch.  Infrared  and  weight  per  lnit  a«ea 

'N/J  . L OF  TIESE  RATES  WILL  ROUGHLY  CHARACTERIZE 
HE  SATELLITE  SUE  ACE  CONTAMINATION  SPECIES  AND 
QUANT  1TY  AS  LAUNCHED. 

TCC  AND  TGCM  PORTIONS  OF  TTE  EXPERIMENT  WILL  EE 
ACTIVATED  EARLY  IN  TIC  TRANSFER  ORBIT.  TlE  DATA 
OBTAINED,  HOWEVER , WILL  BE  LIMITED  TO  GROIND 
CONTACT  PERIODS  SINCE  TIE  VEHICLE  TAPE  RECORDER 
WILL  NOT  BE  OPERATING.  ALSO,  TIE  LIKELIHOOD  OF 
HIGH  VOLTAGE  DISCHARGE  PRECLUDES  OPERATION  CF  THE 
RPA  AND  DIGITAL  FREQUENCY  COUNTER  PORTIONS  CF  TTE 
PAYLOAD  UNTIL  THE  FINAL  OREIT. 

Tie  TCC  sample  teater  sequence  is  activated  by 

GROUND  COPMAND.  The  SAMPLES  ARE  HEATED  FOR  OIE 
HOUR  AND  TIEN  ALLOWED  TO  COOL  FOR  TWO  FOURS  SO 
THAT  ANY  CHANGE  INQL  CAN  EE  RECORDED  BEFORE  TIE 
TEXT  HEATING  CYCLE  STEP.  THE  SEQUENCE  OF  FOUR 
IEATING  STEPS  OCCURS  AUTOMAT  I CALLY  AFTER  TIE 
COPMAND  IS  ISSUED.  It  MAY  BE  TERMINATED  IF 
NECESSARY;  IF  NO  ACTION  IS  TAKEN,  TIE  PAYLOAD 
RETURNS  TO  NORMAL  OPERATION  AUTOMATICALLY  AFTER 
THE  FOURTH  IEATING  STEP. 

Tie  TCCM  temperature  controller  oopmands  are  "Free 
Ron",  "-6C°C",  "-50°C",  "0°C",  "30°C",  and 

"100°C".  TlESE  SIX  STATES  ARE  SELECTED  WITH  A 
*t"BIT  MAGNITUEE  COPMAND.  THIS  PORTION  CF  THE 
PAYLOAD,  IU2-8,  REP1AINS  ON  THROUGHOUT  TIE  MISSION. 

The  RPA  electrometers  automatically  switch  between 

HIGH  AND  LCW  SENSITIVITY  RANGES.  TtE  ELECTROMETRY 
POLARITY  MAY  EE  COPMANDED  TO  ION  COLLECTION  OR  TO 
SELECT  TIE  DOMINANT  CHARGE  SPECIES.  TlESE  MODES. 
ALONG  WITH  TIE  APERTURE  GRID  CONNECTION  AND  RPA 
GRID  VOLTAGE  (OR  CYCLE  MODE),  ARE  SELECTED  WITH 
6"EIT  P1AGNITUEE  GROUND  COPMANDS. 
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